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To you and us: 
“How good” is more important 


than “how many” 


It's to your advantage when we concentrate on fewer fine chemicals. 


One of our specialties: 


bromides 


AMMONIUM . DIUM . POTAS M 


This company is known for certain pharmaceutical 


chemicals —less than a hundred in all 


When you order any one of these you can be sure it’s 

good.” We've concentrated on fewer fine chemicals and 
we make them to predetermined standards of purity and 
umitormity standards be vond those gene rally € Xprer ted. 
Let's consider Baker's Bromides. Experience and skill 
have made possible Bromides in the proper range of 
particle size to permit direct compression into tablet 


form without additional grinding ope rations 
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\t the same time the small particle size and extreme 


4 


freedom from cloudiness provide quick, clear solubility 


in liquuid preparations 


With today’s need for watching costs while keeping 
quality high, you need fine chemicals that do several 


jobs well, 


When vou buy fine chemicals, consider the “extras” 
that Baker's concentration on fewer fine chemicals 
makes possible. Specify Baker's! Address: Fine Chemical 
Division, J. T. Baker Chemical Co., Phillipsburg, N. J. 
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The granules in these cells are now known 
to consist of the natural anticoagulant, 
heparin. And from the mast cells lining the 
capillaries of beef lung the long-acting 


Depo-* Heparin preparations are obtained. 


Methods of extraction, purification and 
assay of this physiologic anticoagulant have 
been so improved by Upjohn research work- 


ers that it is now possible to meet increasing 


clinical needs for Depo-Heparin prepara- 


tions at a reduction of 26°% in price. 


Promptly effective and readily controlled 
anticoagulant therapy is clinically realized 
with Depo-Heparin Sodium, with or with- 
out vasoconstrictors. A single injection of 
these Upjohn preparations, supplying 
heparin in a gelatin-dextrose vehicle, pro- 
duces anticoagulant effects lasting 24 o1 


more hours. 
* Trademark, Reg. U. S. Pat. of. 
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Upjohn Medicine... Produced with care... Designed for health 
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NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—All manuscripts submitted to the 
Editor or presented to the Sections of the Associa 
rion should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins 
In addition to the original typewritten copy one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should be accompanied by an abstract of not more 
than 250 words including a summarization of con 
clusions and recommendations. All pages in manu 
scripts, including tables but not figures, should be 
uumbered consecutively. Previously published and 
readily accessible procedures which have been 
followed in experimental work should not be made 
a part of the manuscript, but should only be referred 
to by appropriate literature references. 


Form of Presentation.—Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one Jine. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
ind meaning of the investigation and the method 
of procedure. The introduction should be followed 
by a report of the essential details of the experi 
mental work, and a discussion or interpretation 
where necessary. Finally there should be a brief 
summary of conclusions and recommendations 
Authors may find it helpful to arrange manuscripts 
to conform to the style of presentation as illustrated 
in papers on analogous subjects published in recent 
issues of Tuts JOURNAL 

In preparing manuscripts for publication in Tuts 
JOURNAL center headings should be avoided so far 
is possible. Side headings followed by a period 
ind dash should be indented and run into the part 
of the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita 
tions should be numbered consecutively in order of 
ippearance in the manuscript and should be indi 
cated by full-sized Arabic numerals enclosed in 
parentheses. Ifa literature reference is cited more 
than once in a manuscript subsequent citations 
should be indicated by the first number assigned. 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with ‘“‘a’’ and continuing in natural order 
Literature citations should be grouped at the end of 
the manuscript under the heading ‘References.’ 
The citations should be numbered consecutively 
with full-sized Arabic numerals enclosed in paren 
theses corresponding to the numbers used in the 
text Ihe names of all periodicals cited in the list 
of references must be abbreviated in accordance 
with abbreviations given by Chemical Abstracts in 
its “‘List of Periodicals Abstracted.”” The sequence 
followed in the citations must be as follows 

(1 Doe, J. B., Am. J. Phystol., 79, 289 (1927 

References to books should be in the order given, 
1) author’s surname and initials, (2) title of the 
book, (3) edition, (4) name of publisher, (5) place 
of publication, (6) year of publication, (7) volume, 
ind (8) page number. A complete book reference 
may be illustrated as follows 


1) Gilman, H.,, “Organic Chemistry,’ ed. 2, 
John Wiley and Sons, New York, 1943, vol. 2, pp 
1236, 1252 


ae 


Arabic numerals must be used to designate all 
definite weights, measurements, percentages and 
degrees of temperature unless occurring at the 
beginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e.g., 10 Gm., 2.5 cc., etc 
The forms to be used are: cc., Kg., Gm., mg., mm., 
cm., L. and M 


Figures.—All drawings should be made in India 
ink preferably on white tracing paper or cloth. If 
coordinate paper is used it must be printed in blue 
only. Original drawings are preferable, but clear, 
well-prepared glossy photographic prints are ac- 
ceptable. The size of illustrations should not exceed 
the 8.5” x 11” manuscript They should be 
designed for reduction to the width of one column 
(2.75") or full page width (5.5” Thus, height 
rather than width should be accentuated where 
possible. Legends and explanatory material should 
so far as possible be submitted for setting in type 
below or at the sides of the drawings rather than 
requiring the reproduction of hand lettering which 
may not print well from cuts rhis is particularly 
true of numbers and legends on codrdinate axes 
which can best be set in type by the printer. Such 
legends and numbers should be indicated in pencil 
outside the axes. Number and titles of figures 
should be placed below the drawings or collected 
on a separate sheet. All illustrations must be 
marked on the margin or back with the name of the 
author and a brief title of the article sufficient for 
identification. All figures submitted should be re 
ferred to in the text of the manuscript and the 
approximate position in which they should be set 
must be indicated by the author. All figures ac- 
companying a manuscript must be numbered con 
secutively with Arabic numerals, e.g., Fig. 1, Fig. 2, 
etc. Kymograph tracings should not be submitted 
with the original experimental legends which are 
likely to have been hastily or carelessly inscribed 
A better procedure is to type the legend on white 
paper with a black ribbon and paste it in the appro- 
priate position 

Tables.—Tables should be carefully constructed 
so that the data presented may be understood 
easily The indiscriminate use of tables should be 
avoided Tables should be so constructed as to 
occupy fully a single column (2.75") which will 
take about 40-50 characters and spaces. Tables 
which require two columns are also acceptable 
Interpretive statements should not be written on 
the body of a table but should be explained in 
footnotes. Column heads should be made as small 
is possible and standard abbreviations should be 
used liberally. Data which may easily be deduced 
by simple arithmetic from data in another column 
should not be included. All tables should be referred 
to in the text of the manuscript and the author 
should indicate as nearly as possible the positions 
in which the tables should be set. It is not neces 
sary to place tables on separate sheets, and in fact 
it is preferable to intersperse them in the manu- 
script Tables should be numbered consecutively 
using Roman numerals. The table number and the 
title should be placed in a continuous heading above 
the data presented. The preparation of a clear and 
concise table of data requires much planning and 
infinite car¢ 


size 
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Pharmacological Studies on the Antispasmodic, 
s-Diethylaminoethyl 1-Cyclohexylcyclo- 
hexanecarboxylate Hydrochloride* 


By BARBARA B. BROWN, CHARLES R. THOMPSON, GERTRUDE R. KLAHM, and 
HAROLD W. WERNER 


A new compound, Bentyl hydrochloride (8-diethylaminoethyl 1-cyclohexylcyclo- 

hexanecarboxylate hydrochloride), has been demonstrated to possess parasympa- 

thetic depressant properties. It has a marked relaxing action in vive on normal and 

barium-stimulated intestine, and it strongly antagonizes the intestinal effects of 

acetylcholine. The bulk of Bentyl administered to animals appears to be destroyed 

in the body, and the substance has low toxicity following single and repeated ad- 
ministration to animals. 


‘T SYNTHESIS of a large series of aminoesters 
of substituted alicyclic carboxylic acids has 
been reported by Tilford, et al. (1, 2). The an 
vilro antispasmodic activity of these compounds 
described in his report indicated that several 
compounds possessed high antiacetylcholine 
action, : . CGH, 

One of these compounds, 8-diethylaminoethy] ’ 
l-cyclohexylcyclohexanecarboxylate hydrochlo ; ate -H:—CHs x “HC 
ride, has received extensive pharmacological ; . ‘GH, 
evaluation and is proving valuable in clinical 
studies. It is a colorless and odorless white 
solid which is water-soluble to approximately 25 EXPERIMENTAL 
per cent. The compound has the name Benty] 

Isolated Intestine.—The activity of Bentyl 
hydrochloride was determined on the isolated intes- 
tine according to the method of Magnus and was 
* Received December 9, 1949, from the Pharmacology compared to the activity of other antispasmodic 

ell 


Department, Research Laboratories, The Wm. S. Merr compounds. Two- to three-centimeter segments of 
Co., Cincinnati, Ohio 
Trade-mark of The Wm. S. Merrell Co rabbit jejunum were suspended in 100-cc. baths of 


hydrochloride! and has the following structure 
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verated Lock« solution maintained at 38 + 0.5 of Bentyl, were effective for shorter periods, and 
Minimal concentrations which relaxed the normal — they had a marked direct depressant action on intes 
intestine and the spasms induced by acetylcholine tinal motility. The same type of action was pro 
chloride and barium chloride were determined duced by 0.005 mg./Kg. of atropine 

The results in Table I indicate that Benty] is less Barium Antagonism.—A number of experiments 
potent on a milligram basis than atropine and Pava were conducted in anesthetized dogs employing 
trine on the untreated intestinal segment It is barium chloride instead of acetyicholine to produce 
lightly more effective than papaverine against the intestinal spasm. An intense intestinal spasm in 
direct muscular stimulation produced by barium duced by the intravenous injection of 3 mg./Kg 
The milligram potency of Bentyl hydrochloride of barium chloride was promptly and completely 
igainst the parasympathetic stimulation produced relaxed by the intravenous injection of 2.5 mg./Kg 
by acetylcholine is one-eighth that of atropine and of Bentyl hydrochloride A subsequent barium 
considerably greater than that of all other sub injection given three minutes later usually had no 
tances tested intestinal stimulant action. Doses of 1 mg./Kg 


ANTISPASMODICS ON THE ISOLATED Ragsit INTESTINE 


Minimal Effective Concentration 
Against Against 
Acetylcholine BaCl: 
Normal 1:1,000,000 1:10,000 
Intestine Spasm Spasm 
Bentyl hydrochloride liethyl noethyl 1-cyclohexyl 
cyclohexanecarboxy! I 100,000 1: 10,000,000 1: 200,000 
Trasentine (8-diethylami ip vlacetate -HCl 50,000 1,000,000 1:200,000 
Pavatrine iethyl inoethy! ne-9-carboxylate 
HCI 1: 2,500,000 1,000,000 1: 500,000 
Atropine sulfat 10,000,000 80,000,000 1: 200,000 
Papaverine - H¢ 150,000 100,000 1: 100,000 


Acetylcholine Antagonism Che parasympathetic of atropine sulfate failed to relieve the barium spasm 
depressant activity of Bentyl and atropine was com ind did not inhibit the action of a subsequent injec 
pared by measuring their blocking action of the tion of barium 
intestinal re n icetylcholine in t } Thiry-Vella Dogs.—The relaxing action of Bentyl 
A total of nin , ised for the xperiment on the untreated intestine of the unanesthetized 
The animals were anesthetiz vith mg./Kg. of inimal was determined in four dogs. Thiry 
Amytal Sodiur odiun intraven Vella loops of the upper jejunum had been prepared 
ously Jeju i \ é ded means of ind the dogs trained for approximately a month 
im air tambour-ba ) ! otid blood before drug studies were begun Intestinal activity 
pressure ‘ io ed i me Activity was recorded by means of a closed pressure system 
evaluation e made | nding mallest fest compounds were injected intravenously after 
intravenous ce opi lf nal ; recording control periods of fifteen to twenty minut« 
hydrochk ‘ bl tandard i ial of normal intestinal activity 
respons t | hy : | | ( Or : The trac ing of a typical experiment ts shown in 
wetylcholine orice ere obtain | d Fig. 2. The record indicates that 2 mg./Kg. of 
intravenou é ‘ ) . ! Benty! hydrochloride caused a decrease of intestinal 

tonus and a marked and prolonged depression of con 
tractions. The effect persisted for approximately 
produced a insite 1 ! i} ire, a forty minute A dose of 1 mg./Kg. also produced 
harp fa ntestit ompletel marked intestinal depression but for a shorter period 
inhibited intestu cont tior on t I of time 
This dose o completel r par r! d Comparative studies using Trasentine and 
intestinal respot ‘ it r fe Pavatrine indicated that Trasentine had a similar 


xtV ut t | 4 ‘ unt tion vhere t he tion of Pavatrin 


bury teed te 

@2T.- S493 & 

4t fbe/@s 
7 


| 
| | 
84 os ct toil dtlake had My g ld a i y a. 
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hydrochloride intravenously in the anesthetized 
intestinal re ponse to icetvicholine is blocked 
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Fig. 2.—Relaxation of the intestine in an unanesthetized Thiry-Vella dog produced by 2 mg./Kg. of 
Bentyl hydrochloride intravenously 


was weaker and less consistent This difference is 
of interest since Pavatrine is considerably more de 
pressant than either Bentyl or Trasentine on the 
isolated rabbit intestine 

Activity Orally in Rats.—Further indication of the 
antispasmodic action of Bentyl in the unanesthetized 
animal was obtained following oral administration in 
rats. The method used was a modification of the 
procedure described by Macht and Barba-Gose (4 
The drug was given orally, followed in thirty minutes 
by a charcoal meal (5°, charcoal, 5% gum acacia 
in water) also administered orally. Twenty min 
utes later the rats were killed with ether, and the 
small intestine removed and measured. The dis 
tance the charcoal meal had traversed was measured 
and expressed as per cent of total length of the small 
intestine. The difference this value for 
treated rats and for control rats forms a measure of 
the antispasmodic activity of compounds which have 
been demonstrated to have a depressant effect on 
both intact and isolated intestinal muscle 

Experimental results are given in Table II. The 
charcoal meal traversed approximately 63% of the 
small intestine in twenty minutes. A dose of 1 
mg./Kg. of atropine sulfate decreased this distance 
to approximately 30% A dose of 150 mg./Kg. of 
Benty!l hydrochloride caused a similar delay and a 
dose of 300 mg./Kg. markedly inhibited movement 
of the meal 


between 


ADMINISTRATION OI 
SULPATE 
Rats 


EFFECTS OF ORAI 
HYDROCHLORIDE AND ATROPINE 
PASSAGE OF A CHARCOAL MEAL IN 


ras_e Il 
BENTYL 
ON THE 
Intestine 
lraversed 
Compound ‘ 
Controls 63.5 
Atropine sulfate 30.0 
Bentyl hydrochloric 19.8 
42.5 = 


15.2 


Comparative studies indicated that 300 mg./Kg 
of Pavatrine hydrochloride was required to effect 
a 40% decrease and that doses of 300 mg./Kg. or 
less of Trasentine hydrochloride did not cause any 
delay in passage of the charcoal meal. 


Isolated Ureters.—The activity of Bentyl 
compared to that of other antispasmodics on isolated 
dog ureters. Recording was done by the method 
of Magnus employing Locke’s solution as a bath. 
Spontaneous activity was obtained by adding urea 
in a 1:20 dilution of dog urine to make a 1:10 or 
1:20 dilution 

Concentrations of the compounds in milligrams 
per 100 cc. of bath which inhibited ureteral contrac 
tions were 5 for Bentyl and Pavatrine, 10 for Tra- 
sentine, and 25 or more for atropine. 


was 


Mydriatic Action.—-The procedure of Ing, et al. 
(5) was followed to evaluate mydriatic action. Five 
mice, weighing between 18 and 20 Gm. each, were 
employed for each dosage group. Pupil size was 
measured by means of an ocular micrometer and a 
microscope giving 20 magnifications. Injections 
of the drugs in 0.2-cc. volumes were made intra- 
peritoneally, and pupil size was determined fifteen 
minutes after drug administration when maximal 
dilatation had occurred 

Maximal dilatation occurred in 80°, or more of 
the pupils tested following the administration of 
0.008 mg. of atropine sulfate 
of 4.0 mg. of the hydrochlorides of Bentyl, Trasen 
tine or Pavatrine were required to produce maximal 
dilatation 


In comparison, doses 


Salivary Secretion.—Antisialogogue action was 
determined in rabbits anesthetized with 1.1 Gm./Kg. 
of urethane administered orally. Salivary secretion 
was stimulated by the intramuscular administra 
tion of 5 mg./Kg. of pilocarpine nitrate. Effects 
of the test substances were evaluated by injecting 
them intramuscularly along with the pilocarpin 
Six rabbits were used per dose level 
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The average secretion for pilocarpine control ani- 
mals was 69 and 71 cc. for a two-hour period in two 
separate experiments. A dose of 0.15 mg./Kg 
of atropine sulfate decreased the secretion to ap- 
proximately 20 cc. Doses of 48 mg./Kg. of Bentyl 
hydrochloride caused a similar reduction. 

Corneal Anesthesia.—The topical anesthetic 
action of Bentyl was investigated by instilling aque 
ous solutions into the conjunctival sacs of rabbits 
for one-minute periods. The duration of anesthesia 
was determined by following the wink response to a 
small glass rod touched to the cornea. Three rab 
bits were used for each concentration studied 

A solution of 0.25% of Bentyl hydrochloride pro 
duced deep anesthesia of approximately thirty 
minutes, and a 0.5°) solution produced deep anes 
thesia of approximately sixty minutes’ duration 

Irritation.—-The instillation of 0.25% and 0.5% 
solutions of Bentyl hydrochloride into the rabbit’s 
conjunctival sac produced a slight temporary irrita- 
tion consisting of mild redness and edema of the 
conjunctiva 

The subcutaneous injection of 1.0-cc 
damage when a 1% 
solution caused only minimal 
necrosis in half of the animals injected 

Acute Toxicity.—The intravenous L Dw» of Bentyl 
hydrochloride for rabbits is 35 + 3.3 mg./Kg 
Doses of one LDy or higher caused convulsions 


volumes in 
iused solution 


d, and a 2% 


no tissue 


rats « 
was ust 


lasting about two minutes followed by a depression 
of one to three hours in surviving animals Deaths 
occurred within twenty minutes after injection 

The LDyw of Benty! hydrochloride for mice follow- 
ing oral administration is 625 + 21 mg./Kg 
Convulsions appeared about thirty minutes after 
followed by a de- 


The majority 


drug administration and were 
pression lasting three to five hours 
of deaths occurred within one hour 

It was observed incidentally that the intravenous 
administration of Bentyl hydrochloric fol 
lowed at times by hemoglobinuria Further study 
demonstrated that Bentyl produced hemoglobinuria 


was 


given intravenously to rabbits in doses of 
5 mg./Kg. or more and to rats in doses of 10 mg./ Kg 
or more 

Intravenous doses of 5 mg./Kg 
Kg. to mice were not followed by hemoglobin 


und subcutaneous, intramuscular, and 


when 


to dogs and 20 
mg 


uria oral 


lil AND FINAL Bopy WEIGHTS oF 


REPEATED Doses OF 


TABLE INITIAL 


| Animals Mean 
Mg./Kg Ke 
4, t.i.d. Dog 8.0 
10, t.i.d 8.2 
Control 8.0 
4, t.id 


Dose Group 


Monkey 
Gm 
142 
143 
149 
144 
Rat, 24 weeks 136 
administration 23 


122 


20 cat 
100 
500 
10uF 
Control 
10, b 1 d 
Control 


* Food withheld four hours before and after dosing 
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administrations did not lead to the appearance of 
hemoglobin in the urine in any of the species. 

Repeated Oral Administration to Dogs.—Fifteen 
adult mongrel dogs of both sexes were fed a standard 
diet with regulated caloric intake, and were condi 
tioned to the laboratory for a period of three months 
before starting the experiment. They were then 
divided into three dose groups of five animals each 
Two groups were administered Bentyl hydrochloride 
in doses of 4 and 10 mg./Kg., respectively, three 
times a day, six days a week, for eight weeks; and 
the third group served as a control. 

The antispasmodic was administered orally in 
hard gelatin capsules, and capsules containing 
sucrose were administered to the controls since this 
substance was employed as a diluent in capsules for 
the experimental groups 

Hematologic evaluations were made every other 
week for all animals. The hemoglobin determina 
tions were made with a Fisher electrohemometer, 
and the hematocrit determinations were conducted 
according to the Wintrobe technique (6), except 
that minimal amounts of a 10% solution of potas- 
sium oxalate added as an anticoagulant 
Sedimentation rates were corrected for erythrocyte 
volume by the method of Wintrobe and Landsberg 
(7) employing a standard normal value derived from 
data obtained in this laboratory 

At the termination of drug administration all dogs 
were in excellent physical condition. All groups 
exhibited weight gain (see Table III). 

Thirteen of the 15 dogs maintained a fairly con- 
stant increase in body weight. One control animal 
lost 0.5 Kg., and the weight of one dog in the 10 
mg./Kg. dose group fluctuated considerably 

Bentyl hydrochloride did not cause blood dys- 
crasias (see Table IV). The erythrocyte counts, 
total and differential leucocyte counts, hemoglobin 
concentrations, hematocrits, icterus indices, and sedi- 
mentation rates of the experimental groups were 
normal; and the values did not differ significantly 
from those of the controls 

No gross pathologic changes were observed that 
could be attributed to drug administration. The 
intestinal mucosa of one control animal and one 
animal from each of the two drug groups was ulcer 
ated. These animals both exhibited heavy infesta- 
tions of intestinal parasites 


were 


AND EXPERIMENTAL ANIMALS ADMINISTERED 


HYDROCHLORIDE 
Body Weight 
Initial 
Range Mean Range 
Kg Keg Kg 
5.5-11 5.7-11.9 
5.0-14 5.5-13.7 
4 0-15.: 7 3.9-16.4 


o.4 Ho 
Gm 
195-320 
190-350 
190-350 
180-290 
190-350 
194 


198-372 


Gm 

130-165 
120-170 

25-190 
110-170 
LLO-160 
112-140 
110-148 


330 
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The microscopic changes observed in tissue speci- 
mens from the aorta, heart, lung, liver, spleen, 
adrenal, kidneys, urinary bladder, stomach, and 
small and large intestines were minimal and were of 
types frequently observed in dogs. They occurred 
as frequently in the control animals as in those 
administered Bentyl and, therefore, were not related 
to drug administration 


Daily Oral Administration to Rats for Eight 
Weeks.—The effects of repeated stomach tube ad 
ministration of Bentyl hydrochloride were evaluated 
in five groups of five male and five female rats each 
One of the groups was administered water and 
served as a control. Three groups were adminis 
tered Bentyl hydrochloride in single daily doses of 
20, 100, and 500 mg./Kg. and were allowed food ad 
libitum. Food was withheld from the fifth group for 
four hours preceding and following daily doses of 
100 mg./Kg. of the antispasmodic. All 
were administered in a volume of 5 cc./Kg., six 
days a week over a period of eight weeks. The ani 
mals were sacrificed after eight weeks of drug ad 
munistration. 

Three accidental deaths occurred during drug 
administration; two in the 500 mg./Kg. dose group, 
and one in the starved 100 mg./Kg. group. These 
deaths resulted from intubation of the lungs at the 
time of drug administration and were not related to 
chronic oral drug toxicity. All other experimental 
and control animals appeared normal throughout the 
experiment. The daily doses of Benty! hydrochlo- 
ride employed did not alter body weight (see Table 
III). Erythrocyte, total and differential leucocyte 
counts and hemoglobin concentrations remained in 
the normal range; and values for experimental 
groups did not differ significantly from those for the 
controls (see Table IV) 

Daily oral doses of 20 mg./Kg. of Bentyl hydro 
chloride did not produce histologic tissue alterations 
Animals administered daily oral doses of 100 and 500 
mg./Kg. exhibited a mild, fatty, or hydropic de 
generation of the parenchymatous cells of the liver 
This condition was observed in the livers of approxi 
mately one-half of the animals of each of the two 
100 mg./Kg. groups, all of the animals in the 500 
mg./Kg. group, and in one control animal. The 
nuclei of the cells showing this change were normal 
Other tissues which included those described in the 
experiment on dogs showed no significant histologic 
alterations 

Daily Oral Administration to Rats for Twenty- 
Four Weeks.—Since minimal liver pathology oc 
curred in rats administered Bentyl orally for eight 
weeks in massive doses of 100 and 500 mg./Kg. of 
body weight, another experiment was conducted to 
determine the effects of Bentyl in comparatively 
large daily doses administered for a period of twenty- 
four weeks. Two groups of six male and six female 
rats each were employed. One group received 
Bentyl hydrochloride by the drug diet method for 
forty days in daily doses of 15 to 20 mg./Kg. and 
received an aqueous solution of the drug, prepared 
fresh daily, in doses of 10 mg./Kg. two times a day, 
six days a week by stomach tube, for the next one 
hundred and thirty days. The method of adminis 
tration was changed because food consumption de 
creased when drug concentration in the food was in 
creased in order to increase the dose of Bentyl from 
15 mg./Kg. to 20 mg./Kg. per day. The other 
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group of males and females served as a control and 
was administered water, in volumes equivalent to 
those used in the drug group, from the fortieth to 
the one-hundred-thirtieth day of the experiment. 
All doses were corrected for body weight changes at 
weekly intervals 

The animals were sacrificed by decapitation after 
one hundred and seventy days of drug administra- 
tion. Tissue specimens saved were the same as in 
the other experiments. These were fixed in Helly’s 
fluid, and paraffin sections were prepared and stained 
with a trichrome stain 

One of the animals in the control group and one 
in the experimental group died from intubation of 
the lungs during the period of drug administration 
All other animals appeared normal throughout th« 
experiment Food consumption determined 
throughout the experiment, body weight (see Table 
IIL), and hematology (see Table IV) of the experi 
mental and control groups were similar. 
and microscopic pathologic findings for the two 
groups were similar, were minimal, and were not re 
lated idministration. The liver changes 
observed in the previous experiment employing 
doses of 100 and 500 mg./Kg. a day for eight weeks 
did not occur in this twenty-four week study. 

Repeated Oral Administration to One Monkey. 
Bentyl hydrochloride was administered by stomach 
tube as an aqueous solution to one adult female 
monkey (Macaca t mg./Kg., 
three times a day, six days a week for eight weeks 
Two castrate female monkeys served as controls for 
hematologic studies 
obse rved T he 


Gross 


to drug 


mulatta) in doses of 


No evidence of toxicity was 
appetite and activity of the monkey 
nd it maintained a steady gain in 
erythrocyte, total and differential 
leucocyte counts and hemoglobin concentrations re 
mained in the normal range and did not differ sig 
nificantly from the values for the controls. No 
gross pathologic alterations were observed by peri 
conducted with a Ruddock 
ind liver biopsy specimens examined 


were normal, 
weight The 


toneoscopic exaniunation 
yx ritoneoscom 


inicroscopically were normal 
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Urinary Excretion.—The method of Richter (8) 
was employed to determine Bentyl hydrochloride 
in the urine of experimental animals. The animals 
were kept in metabolism cages, and urine was col- 
lected for periods of twenty-four hours or more 
Aliquots were made alkaline and extracted with tolu 
ene in separatory funnels on a shaking machine 
Aliquots of the centrifuged toluene layer were 
treated with chloroform and picric acid, and the 
intensity of the color was read on a Fisher Electro 
photometer with a no. 425 filter. The procedure is 
a general one for the determination of aliphatic 
amines, and the material measured in the urine may 
be either Bentyl hydrochloride or a partial break 
down product thereof 

Single doses of 10 mg./Kg. of Bentyl hydrochlo 
ride were administered to rats by the oral and intra 
venous routes. Three groups of four female and 
four male rats were used for each route of adminis 
tration and pooled urine samples representing th« 
twenty-four-hour collection from each group were 
taken for two days. There was no significant differ 
ence in the urinary elimination by the two sexes 
therefore, results have been combined in the table 

The compound was also given orally in doses of 
250 mg./Kg. to male and female rats, and intra 
venously in 25 mg./Kg. doses to female rats. In 
these experiments urine samples were collected from 
individual animals over twenty-four-hour periods 

As shown in Table V, the excretion of Bentyl was 
roughly 15°; or less of the administered doses during 
the first twenty-four hours. Significant amounts 
appeared in the urine during the second twenty-four 
hours after the administration of 25 mg./Kg. intra 
venously and 250 mg./Kg. orally, but only traces 
present after 10 mg./Kg. orally and intra 
venously. Urine collection continued for a 
third day in a number of experiments, but no detec 
able amounts of amine appeared in these samples 

Doses of 100 mg./Kg. Bentyl hydrochloride were 
udministered orally to three male and three female 
rats six days a week for three weeks and a dose of 


2.5 mg./Kg. was administered intravenously to a 


were 


was 
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male and female dog twice a day, six days a week 
for two weeks. Results in Table VI show that ex- 
cretion was not greatly altered by repeated adminis 
tration of the compound, and it was within the range 
obtained after single oral and intravenous doses. 
Urinary elimination of amines returned to normal 
within two days after discontinuing drug administra- 
tion in all experiments 


SUMMARY 


rhe 
Bentyl hydrochloride on the isolated intestine is 


antispasmodic milligram potency of 
approximately one-eighth that of atropine sulfate 
and ten times that of Trasentine and Pavatrine 
against the acetylcholine-induced spasm. Its 
antibarium action is similar to that of other syn- 
thetic antispasmodics, and it is similar to Tra- 
sentine but weaker than Pavatrine and atropine 
Bentyl also 


the isolated 


in relaxing untreated intestine 
effectively inhibits the activity of 
dog ureter 

In vivo studies show that Bentyl hydrochloride 
markedly decreases the intestinal motility of 
and blocks the intestinal re 


anesthetized cats 


sponse to acetylcholine. It relaxes the intestinal 


spasm induced by barium injection in dogs, and 
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small doses relax the intestinal muscle of unanes 
thetized Thiry-Vella Oral administra 
tion of Bentyl to rats markedly delays the pas 
sage of a charcoal meal through the small intes 
The mydriatic action and antisialogogue 
action of Bentyl is approximately '/q@o and 1/300 
that of atropine. 

Bentyl hydrochloride possesses marked topical 
anesthetic activity. 


dogs. 


tine. 


It is relatively nonirritating 
topically and subcutaneously, and it has low 
toxicity following single and repeated administra 
tions to animals. 

The bulk of Bentyl administered to animals 
appears to be destroyed in the body since urinary 
elimination accounts for roughly 15% or less of 
the drug administered 
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A Further Study of the Reaction of Theophylline 
with Barbiturates* 


By MELVIN F. W. DUNKER 


len barbiturates, not tested before, and two closely related compounds, ethyl- 
phenyl hydantoin and 3,3-diethyl-2,4-dioxytetrahydropyridine, gave no molecular 


compound with theophylline in alcohol solution. 


Castrix, 2-chloro-4-dimethyl- 


amino-6-methyl pyrimidine and the 2-dimethylamino-4-chloro-isomer, likewise gave 
no molecular compound. Thiophenobarbital gave a reaction product similar to 
that obtained with phenobarbital and melting at 241-242 


IT \ previous publication (1), it was shown that 

theophylline and phenobarbital in alcoholic 
solution formed a molecular compound stable to 
inert solvents but decomposed by dilute hydro 


chloric acid, dilute solution of sodium hydroxide 


and by silver nitrate solution. Nineteen other 


barbiturates and the closely related diphenyl 
hydantoin failed to give a molecular compound 
had 


atom, e.g., 
ullyl, N’ 


with theophylline, even though they very 
similar groupings on the C 
Rutonal 


pheny] ethyl! (Prominal 


phenyl 


methyl phenyl methyl 


150, from the Colk 


Detroit, Mich 


rhe present paper reports the behavior of ten 
related 
compounds, phenylethyl hydantoin (Nirvanol) 


additional barbiturates and the closely 


(Pyridi 
Pentothal, the sulfur analogue 


3,3-diethyl-2,4-dioxytetrahydropyridine 
one), and Castrix 
of pentobarbital, failed to give a reaction com 
plex. Homologues of Nostal, namely Pernoston 
(sec-butyl bromallylbarbituric acid) and Sigmodal 
failed to 


Barbiturates with 


(sec-amyl bromallylbarbituric acid), 
yield a molecular compound. 
cyclic substituents other than phenyl, such as 
(Cyclopal) 
(Medomin) also failed to react 
2-thio 


with theophylline 


cyclopentenyl and cycloheptenyl 
On the other 
hand, the phenobarbital 


vielded 


analogue of 


a crystalline product 
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TABLE I. 


—-Reactants, Gm 
Barbituric Theophyl 
Aci line 
800 494 
800 401 
800 408 
000 636 
370 591 
OOO 50 
800 246 
000 692 
000 B07 

000 


Barbituric Acid 
Substituents on 
Cs 
ethyl sec-butyl* 
ethyl! 2-methy]-2-propeny!' 
ethyl sec-amyl 
ethyl tso-amyl* 
ethyl phenyl 
O ethyl cycloheptenyl? 
S_ allyl sec-amyl* 
0 allyl cyclopenteny! 
QO bromally! sec-buty! 
OQ bromallyl sec-amy! 
Other Compounds 
Ethylpheny! hydantoin 
3,3 - Diethy] - 2,4 - dioxytetra 
hydropyridine’ 
2 - Chloro - 4 - dimethylamino ] 
6-methylpyrimidine* 


O87 
000 


OOO 


The contribution of samples of barbiturates and other compounds 
; 


c 


“arke, Davis & Co 
AW.T 


Abbott Laboratories 
¢ Hoffmann-La Roche 


| aboratorie« 


Company, Inc Inc 


243° 
posed by heating with 10 per cent hydrochloric 


melting at 242 rhe complex was decom 
acid and by treatment with | NV sodium hydroxide 
solution Table I lists the 
tigated with the recovery of barbiturate, theo 


barbiturates inves- 


phylline, and complex 
EXPERIMENTAL' 


rhe calculated amount of U. S. P. theophylline 
50 ec. of alcohol (or less for runs 
containing less than 1 Gm. barbiturate) and the 
barbiturate was dissolved in the hot solution. Crops 
of crystals filtered off, washed, dried in a 
desiccator, weighed, and the melting points taken 
The mother liquor was eventually evaporated to 
residue extracted with ether to 
separate the barbiturate from the theophylline 
The residue after evaporation of the ether 
crystallized from dilute alcohol, dried, weighed, and 
the melting point recorded. 

A sample of thiophenobarbital was prepared (2), 
und when recrystallized from alcohol melted at 217 
218 : 


was dissolved in 


were 


dryness and the 


was 


It gave the following analysis 

Anal Caled. for CeHwOeN.S: C, 58.04%; 
+87%:. N, 11.28% Found C, 58.16% 
180%; N, 11.94% 

When 370 mg of thiophenobarbital was added to 
the hot solution of 591 mg. theophylline in 20 cc 
alcohol, clumps of crystals began to form while the 
rhe first crop of crystals 
and melted at 241-242 Upon 
concentrating the mother liquor a second 
weighing 126 mg. and melting at 238-240° 
tained. The filtrate yielded small 
starting materials. The reaction complex 
mixed with thiophenobarbital softened at about 200 
and melted the range , and when 
mixed with theophylline softened at about 230 


H, 
H, 


solution was still hot 
weighed 752 mg 
crop 
was ob 
of 


when 


amounts 


over 205-235 


and 


All melting point 
* Analyses by A. Elek 


uncorrect 


Los Angeles, Calif 


SUMMARY OF TESTS 


Reactants Recovered, Gm.— 
Barbituric Acid Theophylline 
0.672 (84%) 1.318 (90% 
0.582 (73%) 1.252 (90° 
0.750 (94% 1.286 (91% 
0.905 (91% 1.514 (938% 
0.011 ) 
0.948 (95% 

0.703 (88% 
010 (101 
0.927 (93% 
0.937 (94° 


Reaction Product, 
Gm 


None 
None 
None 
None 
0.878 (91% 
RH"; None 
(90% None 
(91% None 
86% None 
96% None 


020 
361 
104 
527 
196 
190 


None 
None 


0.811 (82% 
0.960 (96% 


617 


121 


90% 
90% 


0.843 (84% 2.129 (92% None 
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Sumerford 


melted at 240-262 It appeared to be insoluble in 
ether, carbon tetrachloride, and cold water It was 
slightly soluble in hot water and in chloroform It 
was somewhat more soluble in acetone, ethy! acetate, 
isopropy! alcohol, ethy! alcohol, and dioxan 

A sample recrystallized from alcohol, melted at 
241-242°, and gave the following analysis: 

Anal.: Caled. for CosHexOgNwS (based on 1 thio- 
phenobarbital and 2 theophylline): C, 51.31%; H, 
4.64%; N, 23.02% Found: C, 51.29%; H, 
4.80%; N, 22.55% 

When 200 mg. of the complex was heated for 
thifty minutes on a water bath with 15 cc. of 10% 
hydrochloric acid and worked up as described earlier 
(1) there was obtained 78 mg. (95°) thiophenobar 
bital and 100 mg. (85°) theophylline 

The solution of 200 mg. of the complex in enough 
1 N sodium hydroxide solution to provide 3 equiva 
lents of base for each equivalent of complex, fol 
lowed by the addition of 10 cc. U. S. P 
yielded 105 mg. sodium theophyllinate, 80 mg. thio 
phenobarbital, and about 70 mg. theophylline The 
the amount 
from 


alcohol, 


products recovered total more than 
the removal of 
difficult 


expected but water sodium 


theophyllinate i 
SUMMARY 


1. A molecular complex was obtained from an 
alcohol solution of 2 moles theophylline and |! 


mole thiophenobarbital. It is decomposed into 


its components by hot 10 per cent hydrochloric 


acid or by 1 N sodium hydroxide solution 


2. Ten barbiturates and Nirvanol, 


do 


other 


Pyridione, and Castrix not form reaction 


products 
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The Relationship of Structure and Antibacterial 
Activity in the Nitrofurans* 


By M. C. 


DODD,} D. L. CRAMER, f and W. C. WARD 


The study of many furan derivatives suggests certain necessary structural configura- 


tions for in vitro and in vivo antibacterial activity. 
2-substituted furans in conferring antibacterial activity is well 
Certain requirements need be met in the nature of the substituent in 


in the 5 position of 2 
demonstrated. 


the 2 position in order to also obtain in vivo activity. 


The specificity of a nitro group 


Chemotherapeutic activity is 


displayed by a number of semicarbazone and substituted semicarbazone derivatives 


of nitrofurans containing the necessary carbonyl group in the 2 position. 


The sub- 


stitution of other heterocyclic ring systems such as thiophene and pyrrole does not 
lead to the antibacterial effectiveness of analogous nitrofuran compounds. At- 
tempts to explain or correlate antibacterial activity with structural configuration by 


physicochemical methods have not met with success. 


Certain suggestions as to the 


mode of antibacterial action of the nitrofurans have been made. 


Ast of the literature on the antibacterial 

action of simple furan derivatives (1) re 
vealed that, with few exceptions, such as furoic 
acid, compounds of this type were devoid of bac 
tericidal properties unless modified by the pres 
metals or combined with other 


ence of heavy 


known antibacterial substances. Thus, the in 
formation also contained in this report, that the 
introduction of a nitro group into simple com 
pounds of furan had conferred bacteriostatic or 
bactericidal properties on the majority of those 
studied, was of considerable interest. Two years 
Dodd 
of one of this group of 
furaldehyde semicarbazone (Furacin') on experi- 


with various bacteria 


later, (2) described the therapeutic effect 


compounds, 5-nitro-2 
mental infections in mice 
and trypanosomes. It was pointed out in this 
paper that this was the single nitrofuran of this 
group of compounds possessing im vivo antibac 

terial action and certain suggestions were ad 

vanced concerning the nature of the relationship 
of the 


terial action and also on the unique role of the 


structure of nitrofurans to their antibac 


semicarbazone in producing a_ therapeutically 


active compound in this series. 
an intensive pro 


As a result of these studies, 


gram was carried out in this laboratory and else- 


where concerning the antibacterial action of 


nitrofuran compounds and the therapeutic ac 
tion of Furacin. 


able chemical modification and extension on the 


However, in spite of consider- 


original compounds reported and the extensive 
work on the mode of action of several of them 
(3-5), the original observations have 


markedly changed. It is still impossible to cor- 


not been 


* Received January 6, 1950, from the Research Depart 
ment, Eaton Laboratories, Norwich, N.Y 
+ Present address: Ohio State University, Columbus, Ohio 
t Present address The Texas Co, Long Beach, Calif 
Brand of Nitrofurazone, N. N. R 


relate nitrofuran action on bacteria with any 
particular physicochemical property as was done 
sulfonamides (6, 7) or with acridine 


Likewise, the particular aspect 


with the 
compounds (8). 
of the 
to its singular action is still obscure, 


contributing 
although 


semicarbazone derivative 
chemical modification has emphasized this type 
of structure for therapeutic effect 

rhis report is presented to review and further 
elaborate on the relationship of the furan ring 
and various substitutions thereon to the anti- 
bacterial and therapeutic properties of these de- 
rivatives. The and type of derivatives 
studied establish fairly well the essential con- 
figurations necessary and there are presented here 


range 


several factors seemingly inherent in the actions 
e not presented as final 
of the work still in 


require either 


described rhe results ar 


and we are aware that some 


progress (9) may in the future 


change or addition to these We are 


also indebted to those still pursuing the problem 


concepts. 


for valuable contnbutions 

All chemical, bacteriological, or pharmacologi- 
cal methods employed to obtain the data pre- 
sented here were presented previously by the 


authors cited and will not be reviewed unless 


modified 


IN VITRO ANTIBACTERIAL ACTION OF 
FURAN COMPOUNDS 


a five-membered heterocyclic ring hav 
and numbering system 


Furan is 
ing the following structure 


or 2,5 positions are more reactive than 
3,4 positions, and therefore more com 
the former are 


The a,a’ 
the 8,8 or 
pounds involving substitution in 
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presented A consideration of the effects of the Effect of Substitution in Position 2.As previ 
substitution of various chemical groups at the avail ously noted by Dodd and Stillman (1) 2-substituted 
able positions in the furan ring upon antibacterial furan compounds are usually not antibacterial 
activity leads to certain definite conclusions There were a few exceptions noted, e.g., furoic acid 
Effect of Substitution in Position 5.—It was and two furfuryl alcohol derivatives. However, 
stated by Dodd and Stillman (1) that antibacterial the order of activity and the high concentrations 
ction was conferred on furan and its 2-substituted required for this action differ markedly from the 
derivatives by the introduction of a nitro group in  5-nitrofuran compounds and resemble more closely 
position 5. An extension of this first series con the action cited above in the amino furan com 
tinued to bear out this statement to include a ma pound 
jority of the nitro compounds studied. Other However, when furan is substituted in position 5 
groups in the 5 position such as —Cl, Br, —CHs, by a nitro group, the nature of the group added 
CHO, —~-CH,Cl, and CHLOH have failed to pro in position 2 can be varied without adversely affect 
duce similar antibacterial action in the same com ing the im vitro antibacterial activity here are 
pounds Che only possible exception is the amino — two exceptions: (a) in those cases where the nature 
group in position 5, which produced a minimum of _ of the substituent in position 2 is such as to produce 
antibacterial action in a few of the above com an insoluble derivative, and (5) when the group sub 
pounds when tested in the same manner. Observa stituted in position 2 is —COOH. In these two 
tions on this aspect are limited to a few compounds cases the antibacterial activity suffers. For the 
by the difficulty encountered in synthesis of amino most part the group substituted in position 2 con- 
furans siderably enhances the activity of the nitrofurans 
rhe typical change in antibacterial activity pro Nitrofurans which are substituted in position 2 with 
voked by substitution in position 5 can be readily carbonyl groups are the most active of the series by 
demonstrated by selecting a simple furan deriva in vitro tests. However, a variety of alcohol esters, 
tive, 2-methyl furoate, which has no antibacterial acid esters, and other groups in position 2 are anti 
iction, and noting the effects of substitution. Nitra bacterial as indicated in Table II 
methyl furoate Unfortunately, no physical or chemical property 
tro against both Gram-negative is displayed by active compounds which would ac 
ud Gram-positive bacteria. Reduction of this count for the effects described and the general pat 
iitro ester yields the amino ester which displays — tern presented is possible only from a study of many 
im vitro antibacterial activity though of considerably more derivatives than are presented here. 
ower order than the nitro compound. This amino Effect of Substitution in the 8,8’ or 3,4-Positions. 
ster is one of a few simple, fairly stable, and isolable rhe effect upon antibacterial activity of the sub- 
amino furan Acetylation of this 5-amino de- stitution of various chemical groups into the 


’ 


tion of this ester yields 5-nitro-2 
which is active tm 1% 


rivative yields 5-acetylamino-2-methyl  furoate 8 positions of the furan ring has received compara 
which is devoid of bacteriostatic activity Phe tively little attention. The difficulty encountered 


results ar hown in Table I in preparing these compounds has discouraged this 


PaABLe | Puke EFFECT OF SUBSTITUTION IN THE 5 POSITION ON THE BACTERIOSTATIC ACTION OF 2-METHYI 
FUROATE 


Minimum Bacteriostatic Concentration in 


Hours Incubatio 
D 


kk COOCH, LOO 100 100 100 
OeN—R-—COOCH, f | 100) «100 L 2.5 5.0 
H.N-——R-—COOCH; 100 100 LOO 100 
CH,COH N--R—COOCH 100) =—100 100 LOO 


Chere are, then, actually two groups, nitro and ipproach. A few derivatives have been synthesized 
imino, when placed in the 5 position of the furan ind tested for im vitro bacteriostatic activity 
ring that confer im vilro bacteriostatic action upon Obviously the effect of the nitro group, so specific 
such) derivatives However, the degree of the in conferring antibacterial activity in the @ position, 
action of the amino compound is so weak as to be when placed in a § position was of interest De- 
markedly inferior to the nitro type, and shows only _rivatives were prepared containing the nitro group 
in concentrations large enough to have introduced in the 8 position and the effect compared with a 
other changes in the testing medium to which the nitro derivatives (Table III Although one deriva 
effect might be ascribed rather than directly to the tive, 3-nitro-2-methyl furoate, displayed slight 
presence of the amino group (1 activity, comparatively it was so meager that it 

A similarity to the above sequence of events is seemed likely that the nitro group placed in the 8 
found on introducing p-amino and p-nitro groups position did not function in the same respect as in the 
into benzene sulfonamide, which produces marked a@ position. Other derivatives showed no antibac 
intibacterial properties where none was present terial effects by the in vitro test 
before, and this is in turn removed by acylation of The paucity of 8 derivatives is such as to make 
the amino group rhe similarity is limited, how only qualified deductions possible However, the 


ever, especially in view of the marked action of the few derivatives tested do not hold the promise that 


benzene sulfonamide was so readily evident in the a-substituted nitro 
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rasce I] BACTERIOSTATIC 


Minimum Bacteriostatic 

Compound 
- s 

R OiN he mol ylicus 
u4 un 
R—H : 5.0 
R—C:Hs 10.0 
R-—CH,OH 5 25 
Rn --CHLOCH 


o 


20 0 
410.0 
10 0 


20.0 


CHAK 50.0 
COOH 

COOCH 

CONH 
CHeCHCOOC?H, 
COCH 

CH 


20.0 
10.0 2.0 
10.0 


C=NNHCONH 
CHO 
CH 
CH 


NNHCONH 
NOH 


ras.e II! BACTERIOSTATIC 


Minimum Bacteriostatic Concentration in Mg 
and %} Hours Incubation 
D 


Compound 24 


}- Nitro-2 


methyl furoate 1Oo 


NO 


COOCH 


Acetvlamino-4-nitro-2-ethyl furoate 


OWN 
CH,CONH COOC.H 
() 


> 


5-Methyl-4-nitro-2-methyl furoats 


NO 


H,;COOH 


furans There are available no compounds sub 
stituted in the 8 position when the two a positions 
ire occupied by those groups which produce highly 
antibacterial furan derivatives 

Effect of Heterocyclic Ring.—Since furan, with a 
nitro group in position 5 and various substituents 
in position 2, displayed marked antibacterial action, 
the function of the furan ring itself and its dispens 
ibility were investigated. Thiophene and pyrrole, 
the sulfur and nitrogen analogues of furan, wer« 
chosen as heterocyclic ring systems that should obvi 
ously be substituted for the furan nucleus in the 
known antibacterially active nitrofurans. These 
thiophene and pyrrole derivatives were tested and 
compared with the furan analogues (10 

Since nitrofurans having a carbonyl group in posi 
tion 2 are highly active agents, similarly substituted 
thiophene and pyrrole compounds were prepared 
for Thus, 2-acetothienone -acetyl 


testing and 2 


Concentration in Mg 


pneumoniae | I 
24 


10.0 


Inactive 


ACTION OF SoME 2-SUBSTITUTED NITROFURAN DERIVATIVES 


Per Cent after 24 and 96 Hours Incubation 


D Ps. 
typhi I pyocyanea 
96 24 v6 
40 
100 
20 


ut 24 
10.0 l j 3.4 25 3.5 
10.0 4 410.0 


> 5 10.0 0 2.5 


5.0 


0 270.0 1 


5.0 
20.0 


Acriviry oF Some 8-Supstirurep FURANS 


Per Cent after 24 


s pnenn 
phil 
YO 


eu hemol ylicus I I ls E. ty 
") 24 46 4 ow 24 v6 24 


OOo 100 6100) «100 LOO OO 6100) 6100) «100 


Oo 6100) «©100)=«100) «100 «100 «100 100 


it maximum solubility of 10 mg. per cent 


pyrrole were prepared, nitrated, the 5-nitro deriva- 
tives separated from the 4-isomers and these com- 
pounds along with their semicarbazones compared 
with 5-nitro-2-acetofurone and its semicarbazone by 
im vitro antibacterial tests. The results are shown 
in Table I\ The data show that the thiophene 
ring can be substituted for the furan ring in a like 
series of derivatives to yield an antibacterial effect 
somewhat less than the corresponding furan com 
pound. The pyrrole derivatives, while they display 
some in vitro bacteriostatic action are considerably 
lower in effect than either the furan or thiophene 
compounds (10) 

The result of heterocyclic rings 
inalogous to furan has been to reveal the furan ring 
is outstanding in producing derivatives possessing 
im vitro antibacterial activity the nature of 


the groups substituted positions 2 and 5 
similar. 


substituting 


when 


in are 
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TABLE IV. 
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COMPARATIVE BaAcTerRIOstaTic Activity OF SomE DERIVATIVES OF FURAN, THIOPHENE, AND 


PYRROLE 


Minimum Bacteriostatic Concentration in Mg. Per Cent after 24 and 96 Hours Incubation 
Ss 


hemol ylicus 
24 96 


aureus 
06 


1 


Compound 
5- Nitro 
5- Nitro-2-acetofuror 


> 


2-acetofurone 66 0 


Me 
semicarbazone >3 
Nitro-2-aceto 
thienone 
» Nitro-2-aceto 
thienone sem 
carbazone* 


‘ > 


Vitro-2-acetyl 
pyrrole 
Nitro 


pyrrole semi 


acetyl 


carbazone 


>k 


2.5 mg 


* Maximum solubility in broth = per cent 


THERAPEUTIC PROPERTIES OF NITRO- 
FURAN COMPOUNDS 


As originally stated by Dodd (2), the first com- 
pound of the series to show therapeutic action when 
used in experimental infections was 5-nitro-2-fural- 
dehyde semicarbazone (Furacin). As was suggested 


then, an intensive study of many furan compounds 
has shown that only nitrofuran compounds contain 


“ 
~ 


N 


im vivo 


Cc in position 2, 
effect. Thus, the 
compl KX necessary to produce the organic molecule 


ing the grouping Cc 
have displayed similar 


for chemotherapeutic activity becomes 


where R NO, and R, N—N—C 
Effects of Substitution in -—-C—N-—-N—C 

rhe initial nitrofuran to display chemotherapeutic 

5-nitro-2-furaldehyde semicar 


Structurally this is 


activity 1 tive was 2 


bazone as has been pointed out 


represented as 


ON 

‘) 

Further work on the modification and replacement 
of the atoms of R, showed retention of chemothera 
but in most this effect 
order to represent graphically sub 
vo activity let R. 


activity was 
lessened In 
stitution in position 2 for 


R; Ry X 


cases 


peut 


im 


Cc N N—C-—Y 
hydrogen, alkyl! or hydroxymethyl, R, 
hydroxyalkyl, X sulfur, oxygen, or imino, and 
Y alkyl, hydroxyalkyl, alkoxy, alkyl 
umido, carbamido, carboxyalkyl, guanido, carbamyl, 
There then, pr 
peutically active nitro 
the 


Activity is present when R 
alkyl or 


amido, 


hydroxyalkyl-carbamy] 
of chemother 


or is, 
sented 
furans dependent upon two factors 1 


of the 


i Series 


pres 


ence nitro group in position 5 and u sub 


D. pneumoniae I 
4 96 


33 


Inactive at maximum solubility of 4 mg 


Ps 
E pyocyanea 
2 24 6 


E 
24 


cols 
96 


0 


typhi 
96 


3) 


1 1 20.0 20.0 


per cent 


in position 2 


stituent equivalent to some modifica- 

An outstanding member of 
the series in spite of the synthetic modifications so 
far made remains 5-nitro-2-furaldehyde semicar 
bazone placing this compound in a position in the 
nitrofuran imalogous to that enjoyed by 
sulfanilamide among the sulfonamides as being 
the parent member. No other substitution either 
in the 5 or 2 position will reproduce this activity of 
the above structure Neither is the effect produced 
by substituting thiophene for furan. Actually, 
the semicarbazone of 5-nitro-2-acetothienone, the 
thiophene analogue of an im vivo active nitrofuran, 


tion expressed as R, 


series 


was devoid of therapeutic properties as were all 
other thiophene or pyrrole derivatives tested 

In Table V, a sample is presented of the data em 
ployed in assessing chemotherapeutic action of 13 
nitrofuran compounds containing one of the con 
figurations in the 2 position just mentioned. The 
methods used to determine both the toxicity and 
therapeutic activity are the same as presented previ 
ously by Dodd The figures presented here 
serve to show samples of data on which the above 
observations no attempt 
effectiveness of the com 
pounds except where it is obvious 


») 


are made and has been 
made to indicate relative 
More precise 
analyses of signifieance required Also, the 
data only with S. hemolyticus 
Some of the compounds are more or less active on 
other bacterial infections of mice, and one, listed here 


as ineffective, 


re 


are on infections 


5-nitro-2-furaldehyde thiosemicarba 
zone, is quite active in therapy of infections with 

equiperdum However, to include all 
such data would be too large for the scope of this 
paper which it is hoped will serve for 
work 


Trypanosoma 
as a guide 
future 


DISCUSSION 


The foregoing has pointed out that for effective 
chemotherapeutic properties 
the desirable 
ton 


in the nitrofuran series, 
structural combination has this skele 
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Tue Toxiciry FoR NorMAL MICE, AND THERAPEUTIC VALUE IN MICE INFECTED WITH HEMO- 


LyTic STREPTOCOCCI, OF SomE NITROFURAN COMPOUNDS 


Compound 


R = OiN 
0 LDw 
CH==NNHCONH, 
CH; 
| 
C==NNHCONH; 
CH=NNHCOCONH, 
CH,CH;OH 
CH 
CH 


NNCONH; 
NNHCSNH, 
NH 


CH==NNHC 
CH,OH 


NH¢)2- H,SO, 


C=NNHCONH, 

CH; 
CHC=NNHCONH, 

CH,.CH,OH 


CH 


CH==NNHCOCONH 
Cl 
sCHsg 
NNHCOCH,N?-CH 


CH 


CH 


NNHCOCH; 
CH 


NNCONH, 
NNHCONHCH; 


What, then, are the properties conferred by such an 
aggregation of structural units which make the net 
result inimical to a variety of bacteria? 

From a purely chemical viewpoint no functional 
property emerges as a key to this activity. With 
the exception that the nitro group readily functions 
as a hydrogen acceptor and is reduced, 5-nitro-2 
furaldehyde cemicarbazone and substituted 
carbazones not markedly reactive chemically 
The ease of reduction of the nitro group, however, 
is not limited to the semicarbazone derivatives and 
thus cannot be considered a key functional property 
Also, a comparison of the physical constants of the 


semi 


are 


series has revealed no significant relationship 
Investigations designed to reveal from a biological 
standpoint the critical processes involved have been 
carried out. Cramer and Dodd (3) and Cramer (4 
have demonstrated that 5-nitro-2-furaldehyde semi 
carbazone can under specified conditions poise the 
oxidation reduction potential of growing cultures 
This has been interpreted as pointing to electro 
biological properties of the molecule as the key fac 
tor for effectiveness. The O—R potential data for 
such organic molecules are beset with many pitfalls 
in interpretation (11, 12). Polarographic apparent 
reduction potentials (13) have been used as signifi- 
cant measurements, but an examination of all nitro 
furans reveals that for all compounds, this constant 
falls within a very narrow range (14) revealing no 
marked deviations in values for im vitro and in vivo 
active derivatives. Similarly, examination of a 
series of nitrofurans based upon relative ease of re- 
duction by a bacterial agency gave inconsistent re- 
sults (14). Green (5) has pointed out that 5 


2000 
2000 


38000 


2000 


1500 


Toxicity for 
Normal Mice 


Therapy of S. hemolyticus Infection in Mice 
Dose, Mg./Kg % Survival Dosage/L Dw 


150 67 1/, 


Mg./Kg. 


750 


1000 50 


1000 


300 
750 


200 


750 


1000 


1500 


1500 


750 


250 
100 


500 
200 


nitro-2-furaldehyde semicarbazone interferes with 


glucose utilization, and suggests that the functions of 
pyridoxal phosphate are involved. 5-Nitro-2- 
furaldehyde semicarbazone is not antagonized by p 
amino benzoic acid 

Further observations from the biological data con 
centrate attention on the nitro group with relation 
to antibacterial activity and on the necessity of the 
semicarbazone group for in vivo effectiveness. In 
the former, the action of the group is modified, fa 
vorably or not, by various groups in the 2 position, 
and very definitely reduced in the instances where 
thiophene or pyrrole rings are present instead of 
furan. In the typical compound—5-nitro-2-fural 
dehyde semicarbazone—the mode of antibacterial 
action varies from other substituted nitro com 
pounds as a unique lag phase effect in contrast to a 
depression of the logarithmic growth rate with the 
others (3 Thus, the contribution of the semicarba 
zide portion uniquely affects the antibacterial ac- 
tion. In addition, bacteriostatic action is accom 
panied, during this lag extension, by a reduction of 
the nitro group, which upon reaching a critical point 
is followed by a normal logarithmic growth phase 
(4 In bactericidal concentrations no such reduc- 
tion is noted. This correlation of the intact nitro 
group and maximum action seems to argue against 
the role of reduction as the principal factor involved. 

In the body, the semicarbazide component is en- 
tirely unique in conferring antibacterial properties 
to the blood. Curiously, the nitro group disappears 
immediately when injected or fed, and the blood 
from such animals no in vitro antibacterial 
action, and physical tests dependent on its presence 


has 
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These facts hold also for in vitro 
examinations of the blood of animals which are pro 
tected from lethal infections. On the other hand, 
the compounds may be added to shed blood which 
then antibacterial action and the nitro 
group appears intact (2 The possibility results 
that the action occurs in the body by some binding 
effect through the 


optimally for in vivo 


ire negative 


shows 


nitro group which is mediated 
by the 


what 


action only agency of 
semicarbazide In 


its therapeuti 


the 2-position manner 


this produces effect is yet obscure 


Perhaps it antagonizes an essential amino acid or 


growth factor, or the reduction of the group prefer 
entially utilizes this essential substance, removing it 
Reduction to 


were 


nother 
this the 
should 
usual relationship 


from access by the bacteria 

wctive compound is unlikely 
fact, in intibacterial test on 
be positive In any event, the 
of detectable 


not seem to prev iil, and the relatively long dosage 


since, 
vulro blood 


blood level to therapeutic action does 


intervals which are most effective (twelve to twenty 
eem to bear this out further 

to date, 
semicarbazone, since it 


four hours) would 


The weight of evidences obtained mainly 


with 5-nitro-2-furaldehyde 
i parent position, indicates that in 


fashion, the 


cems to occupy 


ome effective molecules temporarily 


transfer sary in the 


preluc to 


block an cnergy necet micro 


organism as a cell division. It may 
that the in 
peting with a prosthetic group for a specific protein 
site Having ittached, and subject to 
biological reduction, the change in properties of the 


original molecule, particularly in view of the recog 


well be ictive nitrofurans are com 


become 


nized lability of the amino furans could well cause a 
inhibition Thu 
take Under any such cir 
, in order to obtain a particular biological 


reversal of the , normal processes 


could once more over 
cumstance 
would exist for the combined 


is three-dimensional 


effect, a critical range 

molecular 
ivailability 
stabilities of all 
members involved in any biological transformation 


propertic uch 


size, surface properties, electrical charge, 


j 


of a functional group, and relative 


lo date, no method has been discovered which 
ssential to successful 
performance as a agent. Ad 
mittedly, the possibilities have not been exhausted 
Obvious 


will measure those properties ¢ 


chemotherapeutic 


ipplications of previous principles have 
without further refinement of 
search for 


problem is 


been unsuccessful, 
detail A 
being made Phe 
theoretical 


continued such methods is 


i challenging one, of 
signihcance 


considerable ind practical 
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SUMMARY 


rhe introduction of a nitro group into the a 


position of simple furan derivatives confers 


bacteriostatic and bactericidal properties upon 


these compounds 
Che substitution of thiophene and pyrrole, the 
and nitrogen analogues, 


sulfur respectively, of 


furan, for the furan nucleus results in a diminu 
tion of antibacterial activity in a series of like 
derivatives 

Chemotherapeutic activity is obtained by cet 
tain nitrofuran derivatives. Semicarbazone and 


substituted semicarbazone derivatives display 


therapeutic activity in S. hemolyticus and T 


T he 


chain appears to play a unique role in manifesting 


equiperdum infections semicarbazone side 
im vivo activity 

The mode of antibacterial action of 5-nitro-2 
furaldehyde semicarbazone (Furacin) is a unique 
lag phase effect in contrast to the behavior of 
some other derivatives. 

It is not now possible to correlate structural 
changes with antibacterial activity by physico 
chemical methods. The relationships that do 
exist between structure and antibacterial action 
in the nitrofurans are evident because of a stud 


of many derivatives. 
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Digitalis. 


IX. A Spectroscopic Study of the Baljet 


Reaction for Digitoxin and Digitoxigenin*t 


By FREDERICK K. BELL and JOHN C. KRANTZ, JR. 


Absorption spectra obtained in the region between 460 and 530 mu strongly indi- 
cate that the colored substance formed in the Baljet reaction for digitoxin is not 
picramic acid but a complex which, on more or less prolonged standing, decomposes 


in alkaline medium to form picramic acid. 
The results also show that the absorption maximum occurs in the region 


toxigenin. 


Similar results were obtained with digi- 


of 490 to 495 mu and therefore this region is the most favorable one for analytical 
purposes. 


D=« the course of our studies concerning 

the Baljet reaction for the cardiotonic gly 
cosides, we became interested in the mechanism 
of this reaction particularly with regard to the 
nature of the colored substance formed. It seems 
almost unavoidable that the reaction depends 
upon the formation of the picramate ion resulting 
from the reduction of picric acid in an alkaline 
medium. Baljet, himself, in his original com 
munication (1) devoted some attention to the 
colorimetric reaction involved but did not reach 
any definite conclusions concerning the nature of 
the colored substance formed. 

In an earlier communication (2) we have de 
scribed a modification of the Baljet reaction using 
tetraethylammonium hydroxide as the alkali, in 
which case the color intensity was considerably 
that 

If it is assumed that 


increased with respect to obtained when 


sodium hydroxide was used 
the same fundamental reaction is involved in 
each of these two procedures, then a spectro 
scopic study of each method should afford dif 
ferential evidence concerning the nature of the 
reaction. This communication is concerned with 
a report and discussion of the first phase of our 


spectroscopic observations. 


EXPERIMENTAL 


From preliminary observations we selected the 
range between 460 and 530 my for examination 
[he measurements were made with a Beckman 
Quartz Spectrophotometer, using a tungsten lamp 
as a light source and absorption cells having a 10 
mm. light path. Beginning at the shorter wave 
length limit, consecutive readings were made at 
intervals of 2 my. The sensitivity of the instru 
ment was adjusted for the point of maximum accu 
racy as recommended by the maker and the zero 
idjustment at each particular wave length was made 
by adjustment of the slit width. Proceeding in 
this manner a spectrum within the specified range 


* Received October 5, 1949, from the Department of 
Pharmacology, School of Medicine, University of Maryland 
Baltimore 

+ The expense of this investigation has been defrayed in 
part by a grant from the Board of Trustees of the United 
States Pharmacopocial Convention 


could be scanned in approximately 
minutes 

Our first attention was directed to an examination 
of the absorption spectra of alkaline solutions of 
picramic acid, which was obtained from the Eastman 
Kodak Co. A stock solution of this substance was 
prepared in absolute methanol and then by proper 
dilution other desired concentrations were obtained 
rhe two procedures were carried out as follows: In 
method A, portion of the picramic acid solu 
tion was treated with 2 ce. of a reagent consisting 
of a mixture of 10 cc. of 2% picric acid and 1 cc. of a 
10°) solution of sodium hydroxide, which was then 
diluted to 20 cc. with water In method B, 1 cc. of 
the picramic acid solution was treated with 1 cc. of 
0.5°> picric acid in methanol and 2 cc. of 10% 
tetraethylammonium hydroxide (Eastman Kodak 
Co.). Methanol of proper volume was substituted 
for the test solution in preparing the blanks. 

Typ il absorption spectra obtained are shown in 
Fig. 1, in which the optical density has been plotted 
against the wave length in millimicrons. The indi- 
cated concentrations of picramic acid are calculated 
on the basis of the final concentration in the reaction 
he general appearance of the absorption 
two methods is similar 
The color intensity is seen to be considerably higher 
in the case of method B in which there also appears 
to be a small but definite shift of the absorption pat- 
tern toward the shorter lengths. With de 
creasing concentration by either method there is a 
small but definite and consistent shift in the point of 
maximum absorption toward the shorter wave 
lengths, thus suggesting a type of dichromatism, It 
should be noted that the final reaction mixtures ob- 
tained with each method showed high stability in 
comparison to their respective blanks over a con- 
siderable period of time 

Our attention was next directed to the examina- 
tion of the absorption spectra of digitoxin solutions 
which had been treated according to method A and 
method B. A stock solution of digitoxin in absolute 
methanol was prepared from a sample of the glyco- 
side kindly supplied us by Dr. E. W. McChesney of 
the Sterling-Winthrop Research Institute. This 
highly purified sample has been described as sample 
A by McChesney and his co-workers (3). In ex 
amining the digitoxin solutions by method A, the 
solutions were allowed to stand twenty minutes after 
the addition of the reagent before the spectrophoto 
metric readings were started, from which point the 
readings in the region of maximum absorption were 
made approximately ten minutes later 


twenty-five 


» 
Lae CC 


mixture 
spectra obtained by the 


wave 
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At the left in Fig. 2 are shown the absorption spec- T 
tra obtained by method A. The digitoxin concen- i 





' 
trations are those prevailing in the final reaction ; d 2 ts 
mixture. On comparing these spectra with those 
in Fig. 1 obtained by the same method it is seen 
that the absorption maximum is_ considerably 
broader and there is an increased symmetry in the 
absorption pattern. It is also apparent that there 
is a slight shift in the absorption maximum toward 
the shorter wave lengths with increasing dilution 

For the measurements with solutions obtained by 
method B, the readings were started immediately 
after the reagent was added to the digitoxin solution 





























Proceeding in this manner the readings at the ab- 
sorption peak were made approximately ten min 
utes after the addition of the reagent Representa 
tive absorption spectra are shown at the left in Fig 
3, and again the indicated concentrations of digi 
toxin are those in the final reaction mixture. These 
spectra compared with the corresponding picramate 
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curves in Fig. 1 reveal some striking differences 
The spectra of the digitoxin solutions show a much 





broader absorption maximum, considerably im- 





proved symmetry, and a definite shift in the maxi 
| i | i rl 
480 500 520 480 500 520 
MILLIMICRONS 
Fig. 2.—-Digitoxin and sodium picrate reagent by 
Method A. 
At the left —twenty minutes after additional reagent 





























10 mg. % digitoxin 
7.5 mg. % digitoxin 
5 mg. % digitoxin 
2.5 mg. % digitoxin 
At the right--the same solutions after standing six 
hours 


mum toward the longer wave lengths. Comparing 
these curves with those at the left in Fig. 2 obtained 
by method A, it is apparent that the absorption 
maximum obtained by method B is not only con- 
siderably greater but also considerably broader, thus 
accounting for the greater sensitivity of the latter 
method 

Earlier work (4) has shown that in both methods 
we are dealing with a time reaction in which the color 
intensity builds up to a maximum followed by a de- 
crease. In method B these changes occur much 
more rapidly. It therefore seemed desirable to 
examine the absorption spectra of these solutions 
after standing various periods of time. In Fig. 2 at 
the right are shown the absorption spectra of the 
520 460 solutions shown at the left after standing six hours 
MILLIMICRONS No temperature controls were used during this 
Fig. 1.—At the left-—tetraethylammonium picran period, so that the quantitative aspects of the curves 
ate. ire not to be interpreted too rigidly. The general 
ug./ 100 cc appearance of these curves is strikingly similar to 
ug./ 100 ce those measured twenty minutes after the addition 

Me ++ pe of the reagent 
12.5 o- 100 es In Fig. 3, the curves obtained by method B shown 
6.25 ug. /100 in the central panel were recorded three hours after 
the addition of the reagent to digitoxin solution 
100 ug./100 « These curves show definite changes as evidenced by 
75 ug. /100 ex a narrowing of the absorption maximum, a definite 
» 50 yg./100 ce decrease in the symmetry and a definite shift in the 
= 25 ywg./100 cc location of the maximum to the shorter wave lengths. 


5 = 12.5 wg./100 cx At the right in Fig. 3 the spectra of the four solu- 
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At the right—sodium picramat« 
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a 
WAVELENGTH ifn 
Fig. 3.—Digitoxin and tetraethylammonium picrate 
reagent by Method B. 
mmediately after addition of reagent 
= 10 mg. % digitoxin 
7.5 mg. % digitoxin 
5 mg. % digitoxin 
2.5 mg. % digitoxin 
Center—-same solutions after standing three hours. 
At the right—same solutions after standing six 
hours. 


At the left 


tions are shown after standing six hours. These 
spectra show a marked similarity to those obtained 
with the tetraethylammonium picramate as shown in 
Fig. 1, both in respect to the location of the maxima 
and the general appearance of the curves. As be- 
fore, no temperature control was employed in this 
series of experiments 

Our next experiments were directed to an examina- 
tion of digitoxigenin solutions in the hope of estab 
lishing the effect of the presence or absence of the 
sugar portion of the glycoside The sample of 
digitoxigenin used for this purpose was a portion of 
1 preparation employed in an earlier study (5). 
The observations were carried out by both method A 
and method B exactly as in the case of digitoxin 
except that the concentrations of the solutions of the 
genin were one-half those employed in the digitoxin 
experiments. Typical absorption spectra obtained 
are shown in Figs. 4 and 5 


DISCUSSION 


In considering the absorption spectra we have 
presented, it should be emphasized that these are 
not true absorption spectra since the systems 


under examination are not in equilibrium 
Spectra obtained by the procedure of method A 
are probably very similar to the true absorption 
picture since this system changes relatively very 
slowly. This is not true in the case of the obser 
vations obtained by method B in which the time 
required for the spectroscopic measurements rep 
resents a significant portion of the time in which 
The 
value of the observations therefore lies in the fact 


definite fading of the color takes place. 


that they were made under comparable condi 
tions. 











> 





tv 





° 





° 
@ 





OPTICAL DENSITY 








° 
CJ 


° 
be 





me 
480 500 520 460 
MILLIMICRONS 
Digitoxigenin and sodium picrate reagent 
by Method A. 
twenty minutes after addition of 
reagent. 
mg. % digitoxigenin 
5 mg. % digitoxigenin 
5 mg. % digitoxigenin 
25 mg. % digitoxigenin 
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500 520 
Fig. 4 
At the left 
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5 
3 
2 
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9 
3 
$ 
At the right 


the same solutions after standing six 
hours 


Fig. 5.—Digitoxigenin and tetraethylammonium 
picrate reagent by Method B. 
At the left—immediately after addition of reagent. 
= 5 __ mg. % digitoxigenin 
= 3.75 mg % digitoxigenin 
= 2.5 mg. % digitoxigenin 
1.25 mg. % digitoxigenin 
Center—same solutions after standing three hours. 


At the right—same solutions after standing six 
hours. 
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rhe present study discloses one point of very 
practical significance in that it reveals the spec 
tral region in which the maximum absorption oc 
curs. This region is located between 490 and 495 
my and therefore in photocolorimetric work the 
use of a filter having a maximum transmission in 
this region would vield the maximum of sensitiv- 
ity. If the absorption is being measured by a 
spectrophotometer it is suggested that the wave 
length setting be made at 492 my and the optical 
system be adjusted to give a spectral slit width of 
1O my 

In all of our previous work involving the use of 


is 


the Fisher clectrophotometer we have used the 


25 green filter supplied with the instrument 


rhe transmission of this filter (6) hes between 493 
and 550 my and therefore its transmission repre 
the 


absorption curves obtained with the digitoxin and 


sents approximately the right-hand half of 


digitoxigenin solutions in this study rhis ques 
most efficient filter was foreshadowed 
by the observ Kedde (7 
the Knudson and Dresbach 


digitalis 


tion of the 
in his work on 
the 
that 
90 filter with a principal 


ition ol 
method (8) for 
assay ol found 


preparations. He 
the use of the 


Zeiss S 


spectrum lin wu (9) yielded a maximum 


sensitivity 


portion of the glycoside 


he efiect of the sugar | 


molecule on the colorimetric reaction is shown by 


and Fig 


that from a qualita 


comparing Fig. 2 with Fig. 4 } with Fis 


>. This comparison reveal 
tive standpoint the two substances yield the same 


absorption spectra. From a quantitative stand 


point spect probably the same within 


the limits of reproducibilit f the experimental 
method emploved 

the 1 of the cok ubstancs 
j 


condi 


Concerning red 


formed in the Baljet re n under the 


tions of our experiments, the pre sults are a 


source of some disappointment to u Che ab 


sorption spectra obtained do show definitely that 
I | 


odium or the tetraethy! 


wid If 


this substance is not the 


ammonium salt of picramn either of 


these salts is present then there must also be 
present at least one other substance exhibiting 
absorption at the same general wave length 

The fading of the solutions which we have 
followed spectroscopically in this work offers 
some information concerning the mechanism of 
the 


followed this process over a period of twenty-four 


reaction. In a few experiments we have 
hours, using the alkaline sodium picrate pro 
cedure, and these fragmentary results indicate 
that a picramate type of absorption is eventually 
obtained similar to that observed with the tetra 
ethylammonium hydroxide procedure Pending 
further study we suggest tentatively the following 
interpretation of these observations. The colored 
substance formed under the conditions of our ex 
periments is a complex consisting of the glycoside 
or genin and some form of the pic rate salt (so 
dium or tetraethylammonium). The intensity of 
its absorption is considerably higher than that of 
the picramate salt alone. Its solutions display a 
type of dichromatism and the complex slowly de 
the 


in alkaline me 


composes (much more rapidly in case of 
tetraethylammonium hydroxide 

dium to form the picramate salt rhis colori 
metric reaction takes place readily at room tem 
perature in contrast to the usual procedures em 
ployed for the reduction of picric to 
acid It that 


reaction tor 


picrami 


therefore appears the degree of 


specificity of Baljet the cardiotonk 


glycosides has been considerably underrated 
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An Investigation of High-Vacuum Freeze Drying 
as a Means of Drug Preservation. 


I*t 


By MELVIN A. CHAMBERS{ and JOHN W. NELSONS 


Analogous samples of belladonna leaves were 
oven dried and lyophilized. Various analyt- 
ical determinations were made in an effort 
to determine what differences there are in the 
two samples as a result of the drying process. 
A lyophilizing apparatus on a laboratory scale 
has been developed and is shown in the photo- 
graph and in the diagram which has been 
drawn to scale for the convenience of those 
who would like to reproduce this for their 
own use. 


A comrarativi study of the effects produced 

by lyophilizing and oven drying belladonna 
leaves was made. The object was to determine if 
the newer method of desiccation, lyophilization, 
is applicable to belladonna leaves, and to deter 
mine what changes, if any, other than desiccation 
are produced by drying at 50°. 

The basis for the activities of plant cells is to be 
found in their enzymes. The rate at which an 
enzymatic reaction proceeds is influenced not 
only by the temperature but also by the length 
of time the reaction mixture has already been 
at that Within 
an increase in the temperature 


temperature. certain limits, 
increases the 
If plant ma 


terial is being dried within these limits, these 


velocity of enzymatic reactions 


enzymatic reactions will continue for a period of 
time, thus altering the quantity of the constit 
uents contained therein 

The effect of low temperatures (1) upon en 
zymic systems has been studied and it was found 
that the rate was retarded and there was no in 
activation of the enzymes which were studied. 
Attempts have been made to demonstrate hydrol 


ysis in the solid state (2). The rate of hydrol 


ysis was found to be not more than 2 per cent 
of that occurring in supercooled liquid at the same 
temperature 

Upon application of these results to the des 
iccation of plant materials similar effects caused 
The effect 
of the temperature used for the drying of bella 


Koch (3). It is 


by temperature would be expected 
donna leaves has been noted by 
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reported that solanaceous leaves yield 2 per cent 
to 10 per cent more tropine alkaloids if the leaves 
are stabilized (4). It was further found that the 
temperature of drying had a significant influence 
on the degree of racemization (5). Fermentation 
of belladonna leaves (6) was carried out at 32° 
while preventing the loss of water, and upon an 
alkaloidal determination of the leaf, it was found 
It was 
causative 
Thus 


to contain less alkaloid than the control. 
that 
agents for the loss in alkaloidal content. 


concluded enzymes were the 
it can be seen that the temperature of drying 
affects the alkaloidal content. 

A method of drying without the aid of heat is 
lyophilization. With this method the moisture 
in the material is frozen and removed by means of 
reduced pressure directly from the frozen state 
to the vapor state. It is sublimation of the 
ice. 

This process has been used successfully with 
It was possible to keep con 
years 
while retaining its full potency (8). Antisera and 
antigens as well ~s certain related products, when 
dried in the frozen state and, stored in vacuo, 


the biologicals (7). 


valescent human sera for two or three 


suffered no deterioration in numerical values and 
the dried products when reclaimed after a 
number of years showed no loss in potency. 
Bacteria and yeasts have been preserved un- 
changed by lyophilization, and in no instance 
have the strains shown any changes even in 
minor particulars (9). 

The apparatus that was used in this laboratory 
is shown in the photograph while in operation and 
in the accompanying diagram which was drawn 
This apparatus has proved to be very 
Pressures as low as 0.006 mm. of 


to scale. 
satisfactory. 
mercury were obtained which kept the material 
frozen while being dried 

The drying chamber and moisture trap wert 
'/, and 4 inches in diameter, respectively, with 
71/60 ground glass joints. Tubes of this size 
made it possible to lyophilize several hundred 
The ma 
terial to be lyophilized was shell-frozen on the 


grams of fresh material at one time 


sides of the drying chamber so as to expose a 
maximum of surface area to facilitate drying 
The ground glass joints were sealed with Apiezon, 


a wax (obtained from James G. Biddle Co., 
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Philadelphia, Pa.), which prevented freezing of 
the joints. The moisture trap was surrounded 
by a Dewar flask containing dry ice and acetone 

rhe mercury trap, also surrounded by a Dewar 
flask containing dry ice and acetone, was in 
cluded in the apparatus to prevent mercury from 
the diffusion pump entering the moisture trap 
and the drying chamber. In order to break the 
vacuum and to admit dry air into the system a 
drying tube containing anhydrous calcium sulfate 
The 


McLeod gauge was calibrated and used to meas 


was attached to a stopcock in the system 


ure the pressure in the system. After making 
the pressure readings, the column of mercury in 
the gauge was pulled down by means of an as 


pirator 


big Lyophilizing apparatus in operation 


The mercury diffusion pump was included in 
the system to insure obtaining a pressure low 
\ Cenco-Mega 
vac pump was used as a forepump 


enough to effect lyophilization 
rhe arms of 
the mercury pump were uniformly heated to pre 
with as 
rhe 
are for the condenser in 


vent condensation by wrapping them 


bestos and nichrome wire as a resistor 


water intake and outlet 
the pump 
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EXPERIMENTAL 


The material used for the investigation was the 
leaves of Atropa Opposite leaves 
were gathered whenever possible to obtain leaves of 
the same age, size, metabolic processes, and which 
have been under the same environmental conditions 
They were divided into two analogous samples to be 
oven dried and lyophilized; analyses could be made 
and the results compared on these samples 

Sample 1A was dried at 65° for twelve hours. It 
had a dark olive green color. Sample 1B was dried 
at room temperature under reduced pressure. It 
had essentially the same color as 1A 

Sample 2A was dried at 45-50° for thirty-six 
hours and it also had a dark olive green color 
Sample 2B was lyophilized. It was very fluffy and 
occupied a volume more than twice as large as its 
corresponding oven-dried sample. It had a bright 
green color. 

Samples 3A and 3B were dried in the same man 
ner as 2A and 2B, respectively, and appeared the 
same in every respect 


belladonna L 
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drawing of apparatus in Fig. | 


After drying, the samples were reduced to a No 
40 powder and the analyses made. The 
iverage results in per cent on a dry-weight basis are 
given in Table I for the various determinations 

The moisture was determined by the U. S. P 
XIII method for drugs containing no constituents 
volatile at 100 It can be seen that lyophilization 
reduces the moisture content as low as oven drying 
at 50° for thirty-six hours 

Ash determinations were made according to the 
U. S. P. XIII method The drug is well within 


various 
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TABLE I. 


SUMMARY* 








1A 


Moisture 5.51 


Total ash 

Acid-insoluble ash 

Total alkaloids 

Total alcoholic extractive 

Total nitrogen in extract calculated as protein 
Total nitrogen in residue calculated as protein 
Amino nitrogen 

Ammonia and amide nitrogen 

Ammonia nitrogen 

Amide nitrogen 

Starch 

Sugars 

Total chlorophyll 

Chlorophyll a 

Chlorophyll } 

% Chlorophyll a of total chlorophyll 

© Chlorophyll 6 of total chlorophyll 

Animal tests 


* Average results of multiple determinations 


U. S. P. XIII requirements for acid-insoluble ash. 
The leaves were assayed for alkaloids by the 
U.S. P. XIII method. The data presented here do 
not indicate any difference, or at least no significant 
difference, between the lyophilized and oven-dried 
products. It does not appear, under the conditions 
of drying here, that the total alkaloidal content is 
affected by the temperature. It may be that oven 
drying was carried out so rapidly that no detectable 
change had taken place 

Total alcoholic extractive was determined to see 
if heat had any coagulating or other effect. Also 
because of the greater bulk, it was thought the lyo- 
philized drug would allow greater penetrability re- 
sulting in more extractives and quicker complete 
extraction. The results showed no difference 
tween the two products 

Aliquot portions of the alcoholic extracts were 
evaporated and total nitrogen, amino nitrogen, and 
amide nitrogen determined for the purpose of detect- 
ing if any proteolysis had taken place. Total nitro- 
gen in the extracts and residues were found to be the 
same, as well as the amino nitrogen; however, a 
difference was found in the amide nitrogen. The 
oven-dried products contained about twice as much 
as the lyophilized products. This indicates that 
some proteolysis had occurred during oven drying 

For determining sugar and starch the samples were 
extracted in a Soxhlet extractor for twenty-four 
hours with 95° alcohol. The extract was then 
made up to a 500-cc. volume with 95% alcohol 
The after extraction dried at room 
temperature 

The residue was placed in a beaker with 50 cc. of 
water and heated on a steam plate for fifteen min 
utes. After cooling, 20 cc. of a freshly prepared 
0.5% solution of pancreatin was added. The mix- 
ture was digested in an oven at 55° for one hour and 
again placed on a steam plate for fifteen minutes 
After cooling, the mixture was digested with an 
additional 20-cc. portion of the pancreatin solution 
at for one hour. It was then filtered and 
washed. The filtrate was diluted to 200 cc. and 
hydrolyzed with 20 cc. of 36° hydrochloric acid in a 
500-cc. Erlenmeyer flask on a steam plate for two 
and one-half hours. 


be- 


residue was 


reo 
vd 


2.33 


.50 





1B 

.24 3.12 4.40 
59 14.59 15.45 
.59 0.90 < 1.06 
E? 0.328 2 0.307 
29 23.00 22.¢ 3.28 25.79 
53 0.538 .4$ 0.90 
28 4.53 52 : 4.51 
0.41 3 0.26 
0.054 ¢ 0.015 
010 0.001 
044 014 
85 

31 

30 

64 

0. 66 

61.4 61.3 

38.9 38.7 

No difference 


84 
46 


62 


62 


37.4 


The hydrolyzed extract was partially neutralized 
with 15 cc. of 30% sodium hydroxide, completely 
neutralized with solid anhydrous sodium carbonate, 
and then filtered, washed thoroughly, and diluted 
to 500 cc. Aliquot portions were analyzed accord- 
ing to the A. O. A. C. methods of analysis (10). 

Duplicate results on the same samples treated in 
the same manner could not be obtained. It was 
believed the extractions were incomplete. New 
samples were run in exactly the same manner. The 
residue, after incubating with pancreatin and wash- 
ing, was dried; the filter paper and residue were put 
into a Waring blendor with a small amount of water 
and broken up. It was then washed into a beaker 
and treated in exactly the same manner as pre- 
viously. The second time each sample yielded from 
one-half to the same amount as it yielded the first 
time. The combined results are given in Table I 
The previous assumption that the extractions were 
incomplete was correct. 

It is possible that some of the cells never came into 
contact with the extracting medium. Since the 
material was dried, the tissues would become filled 
with air. In multicellular particles, it is possible 
that air would become trapped in the internal cells 
and thus prevent the extracting medium from enter- 
ing those cells. This would prevent complete ex- 
traction. 

The alcoholic extracts were treated and analyzed 
according to A. O. A. C. methods (11). The carbo- 
hydrates were determined according to the Munson 
and Walker method and calculated as dextrose. 

There is a noticeable difference between the 
samples as a result of the method of drying. The 
lyophilized samples have a higher sugar content than 
the oven-dried products. A possible explanation 
for the difference was through the hydrolysis of 
starch, but an examination of the results from the 
starch determinations will immediately eliminate 
this as a source of the difference. Of the other proc- 
esses going on in a plant the one most likely to 
account for the difference in the amount of sugar is 
respiration. It has been found that sugars are 
utilized in enzymatic and respiratory processes. In 
the sample in which these processes were inhibited, 
the sugar content was greater than in the sample in 
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inhibited. Lyo- 
carbohydrates as 


which these processes were not 
philization then preserves the 
compared to oven drying at 45-50 

Chlorophyll determined according to 
A. O. A. C. methods (12). It can be seen in the 
table that the lyophilized product has a greater 
amount of total chlorophyll and that chlorophyll a 
ind chlorophyll 6 occur in the same ratio in the 

umples which were dried by different methods. It 
appears that lyophilization prevents some process 
which has a destructive effect on chlorophyll 

An aqueous extract of both samples was made, 
ammonium sulfate, and allowed to 
rhe lyophilized sample 
had considerably precipitate than 
the oven-dried The filtered, 
washed into a dialyzing bag, and dialyzed for sev 
enty-two hours with frequent changes of water 
The dialyzate was then with a known 
umount of hyoscyamine sulfate for forty-cight hours 
ind assayed here was found to be no change in 
the alkaloidal content, which would seem to indicate 
iny enzyme having a destructive 
however, more tests are neces 


was 


saturated with 
et for twenty-four hours 
flocculent 


precipitate 


more 


was 


incubated 


the absence of 
effect on the alkaloid 
iry before definite conclusions can be made 
Portions of the alcoholic extracts which con 
tained the same amount of alkaloid as determined by 
iy were evaporated. Water was added, 
filtrate diluted until it contained 1 
hese extracts 


chemical as 
filtered, and the 
part alkaloid to 5000 parts water 
were then tested on the intact eyes of rabbits which 
had been previously standardized for maximum dila- 
i known solution of atropine. It was 
found that the action produced by extracts of the 
lyophilized sample and the oven-dried sample were 
parallel. This indicates that the proportion of /- 
hyoscyamine to atropine is not altered by the 
method of drying or is altered to the same degree 


tation with ; 


CONCLUSIONS 


From the data obtained in this investigation, 


the following conclusions were drawn 


1. Lyophilization is applicable to the leaves 


of belladonna as a method of preservation and it 
is suggested that this method of drying be in 
vestigated on other leaves and on other plant 
organs 

Lyophilization reduces the moisture con 
for 36 hours. 


tent as low as oven drying at 50° 
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3. With respect to the preservation of the 
alkaloids of belladonna leaf, lyophilization is as 
effective as oven drying at 50°. 

4. Vacuum drying does not facilitate ex 
traction 

5. Oven drying causes more proteolysis than 
lyophilization 

6. No difference in 
found, but extraction of the starch was found to 
be incomplete and it is suggested that more work 


starch content was 


be done on extraction problems especially in re 
spect to powder size 

7. Lyophilization preserves the sugars as 
compared to oven drying at 50 It is recom 
mended that a similar investigation be carried out 
on glycosidal- and tannin-bearing drug plants 

8. Oven drying has a destructive effect on 
chlorophyll while lyophilization preserves this 
pigment 

9. No evidence was presented in the pre 
liminary tests conducted that the proportion of 
L-hyoscyamine to atropine is different in the two 
methods of drying 

10. It appears that lyophilization preserves 
certain constituents better than oven drying at 
50°; therefore, it is recommended that lyophil 
ization be adopted as a standard method of dry 
ing material which is to be used in any original 


investigation of these constituents. 
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Some New Procedures and Instruments Useful for 
Microbiological Antibiotic Testing by 
Diffusion Methods*t 


IV. Apparatus for a New Method Employing Linear Diffusion into 
Inoculated Agar-Filled Glass Capillaries 


By W. W. DAVIS and T. V. PARKE 


A description of apparatus designed for the routine large-scale assay of antibiotics 
employing as a basis linear diffusion in glass capillary tubes is presented. The ap- 
paratus described includes the glass capillaries, a device for filling large numbers of 
them simultaneously with seeded agar, a zone reader for the semiautomatic reading 
of zone lengths, and an assembly suitable for the rapid cleansing of capillary tubes, 


test tubes, and bottles. 


The capillaries used were treated with a water-repellent coat- 


ing such as ferric stearate which caused the agar column to bond more tightly to 
the glass. 


procedures for microbiological 


Dre \N 


assay of antibiotics have generally em- 
ployed Petri dishes or other special dishes with 
a layer of inoculated agar through which the 
antibiotic diffuses outward in a ring from a cen- 
tral reservoir of antibiotic solution. This reser- 
voir is sometimes a depression in the agar, some 
times a cup placed on the agar surface, and some- 
times a porous disk placed on the agar surface. 
In all of these systems the diffusion system in- 
volves radial diffusion and a geometry which is 
not easily described mathematically. This is 


between linear and two-dimensional diffusion. 
Further, the dimensionality varies rapidly with 
the over-all zone diameter. Empirically it has 
been found, using the porous disk-plate proce 
dure, that over a narrow range of zone diameters 
corresponding to about a fourfold variation in 
concentrations of test solutions the zone diameter 
in a given dish is approximately linear with the 
logarithm of the concentration of antibiotic 
Chis linear relationship has been widely used in 
Petri dish diffusion methods of antibiotic testing 
and the allowed dilution range confined to the 
In addi- 


tion, since the duplication of conditions between 


linear portion of this empirical curve. 


Petri dishes is poor it is necessary to provide refer 
ence zones in each Petri dish and to deal only with 


differences between the diameters of reference 


and unknown zones 


Because it appeared possible to better define 


and control the geometry of the diffusion system 
and for a number of other reasons including the 


* Received October 26, 1949, from the Lilly 
Laboratories, Eli Lilly and Co., Indianapolis, Ind 

+ The authors gratefully acknowledge many mechanical 
design suggestions made by Elmer Lee, and participation in 
the development of the method for filling capillaries by Edward 
Fleming 


Research 


apparent possibility of improving the efficiency of 
handling test equipment, it was thought desirable 
to investigate the possibility of employing linear 
diffusion into agar-filled glass capillaries. It is 
anticipated that this diffusion system and some 
of its potential uses will be described elsewhere. 

A method (1) has been established, based on 
this system, which is believed to be superior 
in a number of respects to methods employing 
radial diffusion. Recently it has come to our at- 
tention that a method employing linear diffusion 
in large tubes described elsewhere (2). 
Because of the different emphasis placed on ef- 
ficiency and adaptability to routine testing opera- 
tions in these two studies, it is felt justifiable to 
describe the present method in detail. 


was 


The present capillary linear diffusion assay 
method becomes efficient and accurate only as a 
result of the use of specially developed appara- 
tus for simultaneous or rapid handling of the 
capillaries. Operations with this special appara- 
tus constitute a major fraction of the work. 
A description of the apparatus and its operation, 
therefore, precedes the description of assay 
methods. 

In the organization of work associated with the 
large-scale use of the test, a somewhat arbitrary 
choice has been made of a daily unit of work for 
two rhis unit involves use of 800 
100 test tubes), one S00-hole 
capillary filling device, one set of dilution glass- 
ware, one constant temperature water bath for 
incubation, one capillary drying assembly, and 
one reading device. Only one equipment clean- 
ing cabinet and one oven for drying and sterilizing 
equipment are necessary at each location where 
the test is in use. 


persons. 
capillaries (and 
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APPARATUS 


Capillaries.—Capillaries to be used in this 
test are made from Pyrex capillary glass tubing 
having an outside diameter of approximately 7 to 8 
mm. The outside diameter is important only as 
regards its fit in the filling device and in the test 
tube. The internal diameter has not been found to 
be critical and ranges from 0.75 to 1.25 mm. 

The capillary is 3'/, inches long, with one end 
ground flat and perpendicular to the axis of the 
capillary. The other end is either lightly fire 
polished or edge ground to remove the burr.' 

An adherent water-repellent coating on the capil- 
laries has been found to increase greatly the bonding 
of agar to the glass surface. In the absence of such 

oating the agar column has often been found 
to be pulled out of the capillary on removal from the 
filling device, or to be displaceable from the capil- 
lary with a small amount of pressure. This loose- 
ness has resulted in a small per cent of agar plugs 
being completely displaced after incubation, and a 
large number of agar plugs being slightly displaced 
so that they contributed to the spread of zone 
lengths. When the capillaries are so coated the 
bonding has been such that the agar plug was not 
easily displaced even after incubation 

After cleaning the capillaries by soaking in 5% 
alcoholic KOH and after careful rinsing and dry 
ing, the capillaries are coated with an adherent water 
repellent film such as ferric stearate.* This can be 
applied by immersion of clean dry capillaries in a 
solution of 1 Gm. ferric stearate in 1 L. of carbon 
tetrachloride. After immersion the excess solution 
is drained off and the capillaries redried in a hot 
oven. A specially constructed pail with a screen 
bottom in which about 800 capillaries can be ricked 
has been found useful for this and other mass 
handling of the capillaries 

Filling Unit.--The device for filling capillaries 
with inoculated agar is shown in Fig. | It com- 
prises a bow] and a pair of aluminum plates pene- 
trated by 800 closely spaced holes In order 
to fill the capillaries 270 ml. of melted seeded 
agar is into the preheated bowl and 
distributed evenly over the bottom. The pair of 
plates is placed in the bowl, each of the 800 holes of 
the bottom plate providing a flat-bottomed well, 
partially filled with melted agar. The top plate 
can be slid easily over the bottom plate This 
movement is limited by a pair of positioning pins 
At one extreme position the holes are in coincidence 
in the other extreme position they are several milli 
meters out of coincidence. When the top plate 
is moved into a position so that the holes are out of 
coincidence with those of the bottom plate, the capil 
laries can be stood in the holes in the top plate 
If now the top plate is moved back to bring the holes 
into coincidence the capillaries all drop simultane 
ously into the holes in the bottom plate. 

When the capillaries are dropped into the well, 
agar is forced into the capillaries a distance of several 
centimeters. Since the capillaries stand vertically 
on the flat bottom surface of the well, the agar is 
molded flat across the end 


poured 


Capillaries made to our specifications have been obtained 
from the Fisher Scientific Co., Pittsburgh, Pa 
* Recent experience has shown that a silicone coating 
(G-E Dri-Film No. 9977) is superior to ferric stearate and 
requires less frequent recoating 


Copper tubing is soldered to the bottom of the 
bowl permitting heating or cooling by passage of 
hot or cold water. The bow! and plates are so 
preheated to 60° before melted inoculated agar is 
introduced. The plates must be momentarily re- 
moved for introduction of the agar. Following 
dropping of the capillaries, cool water is passed 
through the copper tubing and the temperature of 
the entire assembly brought down to 20-30° to gel 
the agar 

Two threaded handles are provided to screw into 
holes at opposite edges of the plates. In order to 
break the solidified agar seal between the plates 
and the bottom of the bowl, the plate must be turned 
in the bowl. These handles provided the necessary 
leverage 

A screw can be turned through a central threaded 
hole in the bottom plate and bears on the bottom of 
the bowl. This separates the plate from the bot 
tom of the bowl. When so separated, the capillaries 
can be withdrawn without displacement of the agar 
column 

It is necessary for such a diffusion system that 
the end of the agar column which serves as the initial 
boundary for diffusion must be sharp and flat, and 
coincident with the flat end of the capillary; it 
must remain in this position during and after the 
moderate temperature changes which the capil- 
laries undergo during filling, incubation, and read- 
ing. No difficulties have been observed in securing 
a substantially perfect molded end on the agar col 
umn by this procedure. When the end of a capil- 
lary has become chipped slightly at the periphery of 
the bore, the “‘flaring’’ of the agar column at its end 
can cause diffusion errors. More significant errors 
arise from any displacement of the agar column in 
the capillary. Any looseness of the agar in the cap 
illary has been prevented using a water-repellent 
coating, as described above. Longitudinal ther 
mal contraction of the column can loosen the agar 
or move the end of the column out of coincidence 
with the end of the capillary. This is rendered 
insignificant by avoiding extreme temperature 
changes and by filling the capillaries to not more 
than 4 or 5 cm. in height 

When after incubation the capillaries are to be 
read, the test tubes containing identical 
solutions for each sample are removed and the con- 
tents—capillaries and solution—are dumped into a 
cone which permits the solution to drain into a tank 
A stream of acetone from a washbottle removes 
adhering solution and on evaporation leaves the 
capillaries fairly dry. The operations involved in 
dumping, drying, and transferring the capillaries to 
the reader can be carried out without any individual 
handling 


several 


Zone Reader.—A zone reader of the type previ- 
ously described (3) for Petri dish methods has been 
modified as shown in Fig. 2 to read the zones in these 
capillaries accurately and rapidly. The modifica 
tions involved are: (a) provision of a new carriage 
for capillaries, allowing for the rapid removal of each 
capillary as read and the alignment of the next capil- 
lary to be read; (+) complete elimination of play 
between the carriage and the scale by means of a 
cable suspension; and (c) decrease in the pulley 
size and consequent spreading out of the measuring 


scale. These details are shown in Fig. 3. 





ScrentTiIFIC EprIrion 





Capillary filling device with eight-hundred-hole plates removed from bowl. 


>.’ My, 4 


Fig. 2 


Antibiotic zone reader modified for reading 
capillaries 


I'he carriage provides for change of the capillaries 
is read by pushing a camera cable release on the 
left of the reader. The next capillary to be read 
rolls into position in the light beam and a second 
camera cable release on the right side of the reader 
pushes it forward against a zero alignment stop 


No zero setting of the scale is required since the posi- 
tion of the alignment stop and, consequently, of the 
end of the capillary is adjusted so that their coinci 
dent images fall on the reference line on the viewing 
screen when the scale knob is returned to zero 
Each of the two cables on which the carriage is 
supported passes several times around the '/s-inch 
front pulley, then around two ball bearing as- 
semblies, and is drawn taut with a spring. The 
scale on the 3'/2-inch diameter dial provides easily 
for direct reading to 0.02 mm. 

It is worth noting that the fine detail present in 
the agar column can be seen with substantially no 
distortion because the positive cylindrical lens ef- 
fect of the outer air-to-glass surface of the capillaries 
is just about equal and opposite to the negative 
cylindrical effect of the inner glass-to-agar surface. 

Cleaning Cabinet.—-A device has been designed 
in order to reduce to a minimum the time necessary 
for cleansing of the large numbers of capillaries, 
test tubes, and sample bottles required in this testing 
procedure, and the 800-hole plates from the filling 
device. In this device such equipment can be sub- 
jected to a blast of high-pressure steam followed by 
a stream of hot water and finally another blast of 
steam. A cabinet is provided, in the bottom of 
which two pipes are arrayed extending from right to 
left and from which steam and water, respectively, 
are projected upward through a series of closely 
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Detail view of capillary carriage 


holes A rack 


spaced 


pipes are 
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is provided in which the 
glassware is arranged in an inverted position. The 
moved forward and back manually by 
means of a handle extending through the front of the 


\SSOCIATION 
cabinet rhis brings the pipes under all of the glass- 
ware in turn. The water leaves through a sink in 
the bottom of the cabinet; excess steam escapes 
through several baffled holes at the rear of the 
cabinet 

The steam supply found satisfactory has a pres 
sure of 40 lb./sq. in. The size of the openings in 
the steam tube is inch drilled at '/,-inch inter 
vals 

After final steam cleaning of the glassware it is 
placed in a hot-air oven and dried After drying 
and before re-use the capillaries are re-coated with 


ferric stearate as described above 


SUMMARY 


Apparatus is described for employing linear 
diffusion in glass capillaries in routine large-scale 
his glass 
a device for filling simultaneously 


antibiotic assay. comprises the 
capillaries 
large numbers of capillaries with seeded agar 
a device for rapid, accurate, and semiautomatic 
reading of zone lengths; and a device for rapid 
cleaning of capillaries, test tubes, bottles, etc 

A procedure has been described for treating 
the glass capillaries with water-repellent coating 
which causes the agar column to bond more 


tightly to the glass. 
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WHO MAKES IT? 


rhe National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and Dearborn 


Streets, Chicago, IL, seeks information on sources of supply for the following chemicals: 


a,a’-Dihydroxymethyl ether 
2,5-Dinitrophenol 
3,5-Dinitrophenol 
Heptane-1,3-dithiol 
Heptane-2,4-dithiol 
2-lodo-3-methylbutane 
1,1-Diiodo-2-methyl propane 
Benzoguanamine 


2-(p-Acetaminostyry! 


6-dimethylamino 
quinolinium methochloride 
>-Allyl-5 


l-methylbutyl) barbiturate 


2-Amino-4-methylamino-6-ethylamino-1,3,5 
triazine 

Betaine aldehyde 

Ethoxyethyl mercuric chloride 

Isopropylmethyl mercuric chloride 

Zine isopropyl xanthate 

Solochrome cyanine 

1-Methyl-2-mercaptoimidazok 

Quercetagetin 

Oxyhemoglobin 

Soya lipase 





Some New Procedures and Instruments Useful for 
Microbiological Antibiotic Testing by 
Diffusion Methods*t 


Ve 


A Test Procedure Employing Linear Diffusion into Inoculated 


Agar-Filled Glass Capillaries 


By W. W. DAVIS, T. V. PARKE, W. A. DAILY, LAVELLA M. RUSHTON, and J. M. 
McGUIRE 


Streptomycin, dihydrostreptomycin, and neo- 
mycin may be assayed on a large-scale basis 
by following a procedure employing linear 
diffusion in agar-filled glass capillaries and 
using equipment described in the fourth of 
this series of papers. Directions are given 
for preparing all required materials, and 
certain aspects of rformance and eco- 
nomics of the method are emphasized. 


| INEAR diffusion techniques have been inves 


tigated for the assay of penicillin, strepto- 
mycin, and other antibiotics. Early in these 


studies conditions were found by which the assay 
of streptomycin could be accomplished with ef- 
While 
suitable 


de 
of 


neo 


ficiency and accuracy this paper 


scribes a system for routine assay 


streptomycin, dihydrostreptomycin, and 
mycin, it is expected that routine assay of peni 
cillin and other antibiotics will be possible by 
changes in test conditions 

Che description of the assay procedure for strep- 
tomycin will include composition of the media; 
preparation of inoculum; dilution of samples; con- 
ditions for filling, incubating, and handling capil- 


laries; and a discussion of assay results 


PROCEDURE 
Agar Gel. 


Agar gel is made by dissolving 4 Gm 
of commercial agar per 100 ml. of distilled water 
The agar should be dissolved completely by heating 
in a steam bath or by autoclaving a suspension of the 
agar. The hot melted agar must be filtered. It 
has been found convenient to bottle the agar in 
amounts necessary for one filling operation. This 
requires about 270 ml. per bottle. The bottles 
must be autoclaved after filling. 

Broth.— Broth is made up as follows: 
of water dissolve 8.6 Gm. peptone, 5.6 Gm. casein 
hydrolyzate, 4.2 Gm. yeast extract, 0.7 Ga. dex- 
trose, 2.0 Gm. dibasic potassium phosphate, 2.2 Gm 
beef extract, and 10 ml. 1 M NaOH. This broth is 
bottled with about 500 ml. to 1 L. per bottle and then 
autoclaved. The pH of the broth after autoclaving 
is 8.0 to 8.1 


In one liter 


* Received October 26, 1949, from the Lilly Research 
Laboratories, Eli Lilly and Co., Indianapolis, Ind. 

+t The authors gratefully acknowledge enthusiastic partici 
pation in the development of test procedures by Mrs it 


ginia Boeldt Ward and Mrs. Helen Headley 
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Organism Employed.—The organism used in the 
a strain of B. subtilis isolated in these 
Culture bottles containing a layer 
agar inoculated with a spore suspen- 
After several days of incubation the spores 
are harvested with distilled water. This suspension 
is homogenized in a Waring blendor for two minutes 
and pasteurized for 30 minutes at 65 The spore 
suspension is centrifuged, the supernatant discarded, 
and the resuspended in sterile distilled 
water. The resulting spore should be 
diluted to about 50 billion spores per cc. The spore 
suspension should be bottled in quantities which 
provide the required inoculum for one week's opera 
tion and again pasteurized as above. These opera 
tions are carried out in sterile equipment. 

The Test.—All samples to be assayed should be 
diluted with distilled water approximately two 
units per cubic centimeter. This dilution with 
water reduces the concentration of any broth com 
ponents or nutrients which might be present in the 
sample. Final one-to-one dilution made using 
the broth described above. In making these dilu- 
tions it has been found convenient to use automatic 
burettes and automatic pipettes*® for delivering dis 
tilled water and broth. Dilution schemes have been 
devised whereby the only other pipettes used are 1 
ml. serological pipettes. Dilutions have been made 
in 60-ml. rectangular screwcap bottles and in stop- 
pered test tubes. The shape of these bottles per 
mits them to be easily and efficiently handled and 
cleaned. The diluted samples are then poured into 
the test tubes to be used for the assay. The amount 
required for each test tube is about 2 ml., the amount 
being immaterial so long as it is adequate to cover 
the ends of the capillaries. After all the test solu 
tions have been placed in the test tubes and capped 
the racks of tubes are placed in the steam cleaning 
cabinet and are heated in steam for two minutes 
in order to eliminate contamination. The tempera- 
ture rises momentarily to 80-90 

The capillary filling device should be preheated 
to about 60°. One bottle of agar containing 270 
ml. is melted in a steam bath. After cooling the 
agar to about 60°, 0.5% (1.4 ml.) of spore inoculum 
added. The incuutinted agar is swirled to thor- 
oughly mix the spores throughout the agar. The 


assay is 
laboratories.' 
of nutrient 


sion. 


are 


spores 
suspension 


to 


is 


1s 


' This organism was identified by Dr. Nathan 
Division of Soils, Fertilizers, and Irrigation 
Plant Industry, Soils, and Agricultural Engineering 
cultural Research Administration; U. S. Dept. of 
ture; Beltsville, Md 

? Automatic pipettes delivering odd 
made to order by Scientific Glass 


R. Smith 
Bureau of 

Agri 
Agricul 
been 


volumes have 


Apparatus Co 
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drilled plates are removed from the filling bow! and 
the agar poured into the bowl. The agar should 
be distributed evenly over the surface of the bowl] 
and the drilled plates replaced. The capillaries are 
now filled as described in the preceding paper 
When the filled capillaries are removed from the 
device they are placed two at a time in each test 
tube. This arrangement permits the flat bottom of 
the capillaries to be supported above the round bot- 
tom of the test tube, and allows adequate circulation 
by convection of the antibiotic solution in contact 
with the end of the agar column. It is not desirable 
it this stage to inspect each capillary for defects as 
the unloading procedure should be carried out as 
rapidly as The test tubes should be 
capped with aluminum caps or rubber stoppers and 
incubated overnight in a constant temperature 
water bath at about 32°. Stainless steel wire racks 
having places for 6 x 10 test tubes are recommended 

After incubation all of the several test 
devoted to one sample are removed from the rack 
it the same time. The capillaries in these test tubes 
ire dumped into a device consisting of a funnel 
shaped support placed over a draining screen. This 
permits the broth to drain from the capillaries 
while they are held in an upright position. A 
rinse with acetone removes the broth adhering to 


possible 


tubes 


the capillaries and on evaporation leaves the capil 
laries essentially dry. The group of capillaries 
is then transferred to the capillary zone reader and 
the lengths of the zones are measured and recorded 

Diffusion of antibiotic into the agar column gives 
1 zone of inhibition (about 3 mm. for a one unit 
per ml solution In the region 
this zone of inhibition, germination of the 


streptomycin 
above 
spores and a few stages of cell division take place 
limited by the small 
which is available 


This growth, however, is 
amount of oxygen 
At the boundary between the zone of inhibition 
and the of oxygen-limited growth a layer of 
more abundant growth is observed. The organisms 
in this layer receive a supply of oxygen by diffusion 
of inhibition below it 


dissolved 
zone 
from and through the 


he sharpness and density of this layer are quite 
conditions of the 


zom 
sensitive to changes in issay 
Alteration of the medium, inoculum concentration, 
temperature of incubation, or the antibiotic being 
tested leads to altered appearance Contamination 
of either the agar or the broth solution of antibiotic 
with fast-growing organisms not inhibited by the 
antibiotic uses up diffusible oxygen and prevents 
the formation of a usable layer of growth on which 
the test depends 

Employing the test conditions described here the 
layer of growth between the regions of inhibition and 
of oxygen-limited growth is sharp and dense when 
dihydostreptomycin, or neomycin 

It is also observed that in the ab 


Streptomycin, 
is being tested 
sence of any antibiotic in the test solution a sharp 
and dense layer of growth appears at the end of the 
column in contact with the broth. Under 
the same test conditions, when penicillin is being 
tested the layer of growth between the 
of inhibition and of oxygen-limited growth is diffuse 
and light. Such light and diffuse layers of growth 
do not provide for easy and accurate measurement 


igur 


region 


of zone length required for large-scale use of this 
procedure. Conditions are being sought which will 


give satisfactory layers of growth in penicillin testing 
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The zone length is measured from the end of the 
capillary to the sharp boundary between the zone of 
inhibition and this layer. These areas in the agar 
column are shown schematically in Fig. 1 

Curves representing the distribution of zone 
lengths resulting from assay of a single solution indi 
cate a relatively narrow spread of readings. This 
distribution of readings suffers if too much time 
elapses in the unloading of the capillaries from the 
filling device, or if the temperature of the water 
bath during incubation varies appreciably from one 
place in the bath to another. Comparison of the 
distribution of readings made by the linear diffusion 
capillary assay method on a single solution with that 
of other antibiotic assay methods indicates increased 
reproducibility over the conventional plate-disk 
method employing Petri dishes, but somewhat 
lower reproducibility than with the broth dilution 
technique 


h—— TOP OF AGAR COLUMN 


|___ REGION OF OXYGEN - 
LIMITED GROWTH 


fr SHARP ZONE OF DENSE GROWTH 


REGION OF INHIBITION 





b—-- GLASS CAPILLARY WALL 

















FLAT MOLDED END OF 
INOCULATED AGAR COLUMN 


GROUND END OF CAPILLARY 


Schematic cross section of agar-filled capil 
lary with developed zones 


Fig. 1 


Early experiments in which nutrients were incor- 
porated in the inoculated agar indicated the concen 
tration range over which the zone length varied 
linearly with the logarithm of the concentration of 
antibiotic to be of the order of one thousand. The 
use of agar without nutrients has led to greatly 
increased slope but has reduced the useful range 
The slope of this line is quite sensitive to changes in 
the medium, pH of the broth, and temperature of in 
cubation. Using conditions described above, the 
slope of the plot of zone length versus logarithm of 
concentration of streptomycin is about 2.8 mm. per 
tenfold concentration change. The relationship 
between zone length and log concentration is es 
sentially linear between 0.2 and 5 u./ml 

In order to determine the standard deviation of 
issay result per capillary in testing 1 u./ml. solutions 
seven experiments were made each employing about 


100 capillaries. The standard deviations given by 
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these seven experiments ranged between 0.045 and 
0.090 u./ml. or 4.5% and 9.0%. Six similar experi 
ments were made each employing about 50 Petridishes 
(100 test zones) in order to determine the standard 
deviation of assay result per zone in testing 2 u./ml. 
solutions. Each test zone diameter was corrected 
by using the average diameter of the two reference 
zones on each plate. The standard deviations given 
by these six experiments ranged between 0.146 and 
0.190 u./ml. or 7.3% and 9.5% 

Employing the devices which have been designed 
for handling of capillaries and other equipment 
enables a team of two persons to handle about 800 
capillaries per day. This is equivalent to about 400 
Petri dish units. This team requires no support for 
cleaning of equipment or preparation of materials 
During the still limited experience with the routine 
use of this method the greatest number of samples 
assayed per day by two individuals using one unit of 
equipment has been approximately 75 in addition to 
the standard curve. 

Experience indicates that the first two hours of 
the day are required for reading and calculating 
the results of the test begun the previous day and to 
steam clean the capillaries and test tubes. The 
last two hours suffice to fill the capillaries with 
seeded agar, to place them in the test tubes contain- 
ing the test solutions for overnight incubation, and 
to clean in the steam cabinet, or otherwise, the filling 
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device and all the dilution glassware. The hours 
between suffice for the dilution of samples, the drying 
or coating of the capillaries, and other preparatory 
activities on daily or weekly schedule. 

The requirements of this method for agar and 
nutrients are considerably less than those of the 
plate-disk method. The space requirements are 
likewise much less. 

The test procedure which has been presented 
represents one set of conditions which provides a 
useful test for streptomycin, dihydrostreptomycin, 
and neomycin. It is likely that a somewhat more 
extensive survey of important variables will provide 
conditions for improved accuracy, and that changes 
in broth and agar composition will allow extension 
of this method to the testing of penicillin. 


SUMMARY 


A procedure is described employing linear dif- 
fusion in agar-filled glass capillaries which is 
suitable for large-scale assay of streptomycin, 
dihydrostreptomycin, and neomycin. 

Procedures are given for preparation of all 
necessary materials. 

Some aspects of performance and economies of 
this method are indicated. 


The Effect of Radical Substitution on the 
Optical Properties of Some Antihistaminics* 


By GEORGE L. KEENAN} and THOMAS J. HALEY, § 


The effect of radical substitutions u oe the optical 

properties of three antihistamine drugs has been 

determined. The characteristics determined re- 

flect the structural similarities of the compounds 

examined. The substituents involved, each in 

the same position, include hydrogen, methoxy, 
and chlorine. 


I’ CONNECTION with the microscopic study of 


some crystalline antihistaminics, attention 


was drawn to the striking similarity existing 
in the microscopic characters of the three com 
pounds. The cursory examination in ordinary 
light led one to conclude that the three substances 
were essentially identical insofar as the form or 
habit of will 
ultimately be shown, the optical crystallographic 


examination demonstrated the resemblance, at 


the crystals was concerned. As 


the same time revealing wherein they differed 
* Received November 20, 1949, from Strongsville, Ohio 
+ Formerly Mic roanalyst Food and Drug Administration; 
Present address: 165 Westwood Drive, Strongsville, Ohio 
t Medical School, University of Cali ornia at Los Angeles 
§ The authors wish to thank Dr. C Sondern of the 
White Laboratories, Inc for the generous supplies of the 
drugs used in this investigation 
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Reference to the structural formulas of these 
three compounds showed that the substitution of 
certain radicals in one position accounted for differ- 
ences in some optical properties while others were 
not markedly affected. For convenience of dis- 
cussion, the optical properties of the three com- 
pounds first will be given, followed by a more de- 
tailed analysis of the data as relating to the radical 
substitutions. The optical crystallographic data 
are as follows: 

194-A.—Jn ordinary light the habit of the sub- 
stance is rectangular plates, some of which are 
elongated (apparently orthorhombic). Jn parallel 
polarized light (crossed nicols) the extinction is paral- 
lel on the elongated forms, and some of the plates 
do not extinguish sharply. Jn convergent polarized 
light (crossed micols) biaxial interference figures 
showing the plane of the optic axes are rather com- 
mon, the isogyres appearing at the edge of the 
microscopic field. Optical sign (—). 2£ = 90 = 
5° (obs.) Refractive indices: a = 1.602, B = 
1.631, y = 1.640, all 0.002. and y are the most 
frequently occurring indices, 8 being shown length 


wise and + crosswise (Fig. 1). 
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194-B. 
sists of rectangular 


In ordinary light this substance also con 
plates and elongated forms 
In parallel polarized light (crossed nicols) the extinc- 
tion is parallel and the sign of elongation is negative, 
the plates all extinguishing sharply. Jn convergent 
polarized light (crossed nicols) no interference figures 
were observed due to sharp extinction of the plates 
Refractive indice The minimum and maximum re 
fractive indices determined on plates showing maxi 
mum double refraction and which may be considered 
a = 1 602, 8 = 
. and are 


as a and y for the substance are 
1.640 (all =0.002 
the following orientations (Fig. 2 

194-C.—-In ordinary light the habit is seen to con 
sist of quadratic plates and broad elongated forms 
similar to those characteristics of 194-A and 194-B 
In parallel polarized light (crossed micols) the ex- 
tinction is parallel and the sign of elongation is 
negative. Some fragments extinguish sharply and 
others remain bright when the microscope stage is 
revolved. In polarized light (crossed 
nicols) biaxial interference figures, showing the plane 
of the optic 
angle (2E 
resembling 


indet., ¥ shown in 


Cont ergent 


The observed axial 
, the figure closely 
Optical 
1.602, 8 = 
All the indices are 
It is interesting 
that the material is mounted in 
liquid with 1.604 (8), orange and blue borders 
surround many of the fragments in one orientation, 
the fragments in the other orientation being prac 
tically matched, 
identical 


axes, are common 

is very small, 15-20 
that of phlogopite 
sign t Refractive indices ar 
1.604, ¥ 1.660, all *0.002 
readily found on the 


mica 


substance 


to observe when 


indicating that @ and 8 are almost 
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Fig. 2 


Referring back to the detailed optical crystallo- 
graphic descriptions of the respective compounds, or, 
for convenience to the summary in Table I, it will be 
interesting to observe how these radical substitutions 
affect the optical characters. As already pointed 
out, the general habit or form of the crystals is es 
sentially identical for all the compounds, and in this 
respect they could not be differentiated. By sub 
stituting the simple radical H in 194-A, the optical 
sign is negative, while replacement with Cl in 194-C 
it is positive. In respect to the observed axial 
angle (2E) there is a very marked difference, the 
angle being quite large where the H substitution has 
occurred (194-A) and much smaller when the radical 
Cl (194-C) is in this position. While biaxial inter 
ference figures are readily found in the cases of Cl 
and H replacements, they entirely 
where the methoxy group has 
stituted (194-B). 

In respect to the refractive indices, the a valu 
has not been affected by any of the substitutions 
In the case of compound 194-C the y index, 1.660, 


are 


CH,0O 


lacking 


been sub 


TABLE 


Replaced 
Sample Radical 
104-A H 
194-B CH,0O 
194-C Cl 


Optical 
Habit Sign 
Plates - 

Plates No figures 
Plates + 


The general formula for these compounds is as 
follows, the position R being the point of substitution 
of other radicals, as those indicated, for the respec- 
tive compounds 

CH, 


CH=CH 


For 194-A, R is H, for 194-B, R is CH,O, and for 
194-C, Ris Cl. All the compounds have been crys 
tallized from anhydrous ether and are in the form 
of the hydrochlorides heir uncorrected melting 
points as determined with a Melt-Pointer apparatus 
ure 194-A 171° to 172.5 194-B 162° to 164° and 
1M4-C 149° to 151 


Refractive 
1. 631 1.640 
1 640 


1.660 


Indices 


has been increased from that found to be 
for the other two compounds 
determinable (194-A and 
different (1.631 and 1.608 Of interest also is the 
effect of the substitutions on the orientations in 
which the commonly occurring refractive indices are 
found (Figs. 1 and 2 


identical 
The 8 values where 
194-C) are appreciably 


SUMMARY 


Attention has been called to the effect of radi 
cal substitutions upon the optical characters of 
three crystalline has been 
the optical 


crystallographic properties reflect the similarity 


antihistaminics. It 


interesting to observe how closely 


of the compounds as revealed by the structural 


formulas 





A Chemical Assay for Salts of Dihydrostreptomycin* 


By A. A. COLON, G. E. HERPICH, ROSEMARY G. JOHL, J. D. NEUSS, and H. A. 
FREDIANI 


Dihydrostreptomycin salts may be assayed by oxidation with periodic acid in a Kirk 
distillation apparatus, collecting the evolved formaldehyde in sodium bisulfite and 
determining it with chromotropic acid reagent. Although the yield of formaldehyde 
is not stoichiometric, satisfactory results are obtained by standardization of the 
method by means of pure dihydrostreptomycin salts. A maltol determination is used 
to correct for any streptomycin present. The results obtained on dihydrostrepto- 
mycin trihydrochloride and diedsecmeneempele sulfate samples are compared with 
the microbial results. 


CURRENTLY recommended methods (7) early findings of Lemieux and co-workers (11) 


T# 


for the analysis of dihydrostreptomycin salts 
are microbial in nature utilizing either the B 
subtilis plate assay or the A. pneumoniae turbidi 
metric method. Recently, Conn and Norman 
(5) have described an amperometric method for 
titrating both streptomycin and dihydrostrepto 
mycin using trisodium tris-(naphtholazophenyl) 
carbinol trisulfonate as precipitating agent in 
triethanolamine citrate buffer 

related in 


Dihydrostreptomycin is closely 


structure to streptomycin (10). It is prepared 
CHO group in 


group 


by catalytic reduction of the 
CH,OH 
of this reduction of the aldehyde group, neither 


streptomycin to a Because 


the photometric maltol assay (1, 7, 13), nor the 
direct polarographic assay (12), which have been 
utilized for streptomycin, is applicable to dihydro 
streptomycin. The guanidyl portions of both 
molecules are identical and may be utilized for 
chemical assay purposes by modification of the 
Sakaguchi reaction. This reaction vields similar 
results with both compounds and has been found 
to be suitable for assay purposes. Other guani 
dine derivatives, of course, interfere. However, a 


satisfactory assay for relatively pure (about 
85 to 100 per cent) dihydrostreptomycin salts 
has been developed in our laboratory (3) using 
this technique. The streptomycin present may 
be separately determined by the maltol method 
1) and appropriate corrections made 

Strong periodate oxidation of streptomycin 
should produce one mole of formaldehyde from 
alcohol N-methyl-t 


glucosamine portion of the molecule, while for 


the primary group of 
dihydrostreptomycin, in addition to this mole of 
formaldehyde, a second mole should be produced 
from the primary alcohol group present in the 
streptose portion of the molecule. Our labora 
tory has found this to be true in contrast with the 


* Received December 8, 1949, from the Chemical Control 
Division of Merck and Co., Inc., Rahway, N 
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who reported that ‘‘when the trihydrochlorides 
of streptomycin and dihydrostreptomycin were 
oxidized with 1.5 moles of periodate, formalde- 
hyde (0.4 mol. by dimedon reagent) was formed 
with the latter only Apparently, this is 
due to the fact that our oxidation is carried out 
at 100", whereas periodate oxidations are nor 
The 
high temperature evidently results in the hydro- 
lytic production of free 


mally performed at room temperature (8) 


N-methyl glucosamine 
which has the 1-2 glycol structure required for 
formaldehyde production 
that 


Our exploratory ex- 


periments showed periodate oxidation of 


streptomycin salts, glucosamine, and N-methyl 
glucosamine produced equal amounts of formalde 
mole using the 


hyde per analytical procedure 


described in this paper. Therefore, it is reason- 
able to assume that the formaldehyde liberated 
from streptomycin salts on periodate oxidation 
comes from the N-methyl glucosamine portion 
of the molecule \lthough the normal periodate 
oxidation technique for quantitatively estimating 
been 


dihydrostreptomycin has developed by 


Garlock and Grove (4) and since the method used 
in our laboratory permits estimations in two to 
three hours elapsed time instead of the twelve 
to eighteen hours required by the low-tempera 
ture oxidation, it was deemed advisable to pub 
lish the details of our method 

Although a rigid stoichiometric relationship 
between the amount of formaldehyde produced 
and the streptomycin or dihydrostreptomycin 


taken cannot be readily demonstrated by iodo- 


metric titration because of interference by other 
volatile reducing substances, the use of chromo 
tropic acid as a colorimetric reagent for formalde 
hyde 


has resulted in a relatively rapid and pre- 


cise assay method for 


dihydrostreptomycin. 
Phe specificity of chromotropic acid for formalde- 
hyde has been demonstrated by Eegriwe (6) 
rhe yield of formaldehyde from periodate oxida 


tion of dihydrostreptomycin salts was compared 


) 
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colorimetrically with formaldehyde solutions of 
known concentration, and, under the prescribed 
conditions of analysis, dihydrostreptomycin tri 
hydrochloride was found to produce about 80 
per cent, and dihydrostreptomycin sulfate about 
70 per cent, of the stoichiometric quantity of 
formaldehyde. For this reason it is advisable 
to construct the calibration curve with a dihydro 
The 


cedure herein described has been tested against 


streptomycin salt of known purity pro- 


streptomycin, dihydrostreptomycin, and _ their 


mixtures and found to yield reproducible results 


APPARATUS AND REAGENTS 


A Kirk K jeldahl 
found admirably suited for the oxidation 
tillation 
condenser which permits rapid quantitative separa 


micro ipparatus (9) has been 
ind dis 


This is a one-piece glass steam still and 


tion of volatile from nonvolatile constituents 

The with a Beck 
man DU Spectrophotometer employing 1-cm. cells, 
but any filter photometer with a filter transmitting 


ibsorbanc es were measured 


it 570 may, or spec trop! otometer may be used 
The reagents employed are as follows 


Ta 


Sodium bisulfite solution 2%, aqueous 


Periodic acid solution 20%, aqueous 
cid (1,8-dihydroxynaphthalene-3 


cid) reagent 2%, 


Chromotropix 


6 disulfoni« aqueous 


rhe bisulfite and solutions are 
table for at least one 


whereas the chromotropi 


periodic acid 
week under ordinary labora- 

cid re 
day ind 


tory conditions, 
gent should be made fresh every other 
stored in the refrigerator 


PROCEDURE 


Weigh accurately 1.000 Gm. of sample, transfer to 
1 50-ml. volumetric flask, make to the mark with 
distilled mix well. Set up the Kirk 
distillation apparatus with the receiver end of the 
condenser slightly surface of 20 ml. of 
2% bisulfite solution contained in a 125-ml. Erlen 
meyer flask Pipette 2 ml. (40 mg. of dihydrostrep 
tomycin) of the sample solution into the Kirk ap- 
paratus and wash down with 2 to 4 ml. of distilled 
Pipette 4 ml. of 20% periodic acid into the 
ipparatus and again wash down with a small quan 
tity of water. Close the sample intake tube with 
the clamp provided and allow the 
stand for ten minutes with occasional gentle shaking 
Place a burner with a low flame under the steam 
generator and steam-distill for twenty minutes 
after boiling starts. At the end of twenty minutes, 
lower the receiver so that 
longer submerged in the bisulfite solution, rinse the 
tip with a little illow the distillation 
to proceed for Remove the flame 
Quantitatively transfer 
100-ml 


with 2% bi 


water, and 


below the 


water 


apparatus to 


the condenser tip is no 


water, and 
one minute 
from the steam generator 

ibsorption flask to a 


mark 


the contents of the 
volumetric dilute to the 
sulfite and mix well Dilute 5 mil. of this solution 
to exactly 50 ml. with the Pipette 
1 ml. of the diluted solution into a test tube cooled 


m ice water, 


bisulfite solution 


idd 3 mil. (pipette) of concentrated 
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sulfuric acid that has previously been chilled in ice 
water. Add 2 drops of 2% chromotropic 
reagent, shake to mix thoroughly, and heat in boiling 
water for twenty minutes. Cool the solution to 
room temperature and read the absorbancy at 
570 my against a blank prepared by using 1 ml. 
of the 2% bisulfite solution in place of 1 ml. of the 
diluted formaldehyde solution and developing the 
color with chromotropic acid in the prescribed man 
ner. The weight of dihydrostreptomycin present 
may then be read from a previously prepared cali 
bration curve. From an independent maltol test (1, 
7) the percentage of streptomycin present in the 
sample is determined and one-half this value sub 
tracted from the percentage found for dihydro 
streptomycin. 


acid 


RESULTS 


Samples of dihydrostreptomycin trihydrochloride 
and dihydrostreptomycin sulfate of 98% purity 
after correction for moisture, methanol, and strep 
tomycin content) were used as primary standards 
These samples assayed essentially 100% by micro 
bial means. The calibration curves shown in Fig. 1 
were prepared by varying the initial weight of sample 
taken for oxidation. Thus, solutions containing, 
respectively, 10, 20, 40, 60, and 80 mg. of the di 
hydrostreptomycin salt were oxidized and the absor 
plotted against the weights taken. The 
calibration curve for the sulfate was tested by analy 
sis of a specially purified sample of crystalline di 
hydrostreptomycin sulfate which was available in 
small amounts. Quadruplicate determinations gave 
98.5, 96.5, 96.0, and 95.0% with an average of 
96.5%. This result is consistent with the known 
1% loss on drying for this sample when heated for 
three hours at 100° and less than 5 mm. pressure 

Synthetic mixtures, prepared by mixing the di 
hydrostreptomycin trihydrochloride used as pri 
mary standard with known amounts of strepto 
mycin trihydrochloride, were assayed by the method 
obtained are 


bancies 


ibove The 


rable I 


described recoveries 


shown in 


Absorbanc Vv 


4) 50 60 FO 80 90 
Mg. of Sample 
Fig. 1.—-Calibration curves 
Dihydrostreptomycin Hydrochloride 
Dihydrostreptomycin Sulfate 
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ASSAY OF SYNTHETIC MIXTURES OF 
TRIHYDROCHLORIDE AND DIHYDRO 


TABLE I 
STREPTOMYCIN 


STREPTOMYCIN TRIHYDROCHLORIDE 


Actual Composition 

% Dihydro Found 
strepto % Dihydro- 
mycin streptomycin 

Trihydro Trihydro Trihydro- 

chloride chloride chloride % Recovery 
25 75 72.0 96.0 
40 60 63.5 106.0 
8 5D 47.0 94.0 
60 40 37 5 


% Strepto 


mycin 


37.0 92.5 
75 25 23.5 94.0 


96 


The amount of dihydrostreptomycin trihydro 
chloride found agrees well, in every instance, with 
that actually present in the mixture 

he reproducibility of the method in replicate 
determinations is shown in Table II. The sample 
was a randomly selected lot 


ras_e I1.—REPRODUCIBILITY OF RESULTS 
Dihydrostreptomycin Trihydrochloride 
RZ 0 89.5 
890 91.0 
87.0 94.0 
90.0 89.5 
o0.0 87.0 
Av 
Av cle Vv l 4 


As can be seen, the reproducibility is quite good 
Since each value reported in this table was obtained 
on a separate day with different reagent solutions, 
the spread indicated is probably the maximum to be 
expected 

Typical results, comparing the and 
microbial assays, are given in Table III for dihydro- 
streptomycin trihydrochloride and in Table I\ 
for dihydrostreptomycin sulfate 

Practically all of the results obtained by the micro 
higher than the corresponding 
It must be pointed out, however, 


chemical 


bial method are 
chemical results 

that about 40% of the microbial results are 
100%, which naturally contributes greatly to the 
difference between the two methods. Furthermore, 
include a correction 
present to the 


ibove 


the microbial assay does not 

for streptomycin which may be 
extent of 0.5 to 1% 

DISCUSSION 

rhe final conditions, as recommended in the 

above procedure, were selected after many varia 

tions had been tried. Ordinary distillation of the 


sample solution yielded inconsistent 
results. Aeration of the sample solution, with 
and without heating, resulted in exceptionally 


large 


oxidized 


low yields of formaldehyde. A excess 
of periodic acid seemed desirable to provide for 
reactions taking 
Therefore, 


simultaneous 
this reagent. 


the numerous 


place that consume 


CHEMICAL ASSAY OF DIHYDROSTREP- 
TOMYCIN TRIHYDROCHLORIDE 


TABLe III 


% Dihydrostreptomycin Difference in % 
Trihydrochloride (Microbial — 
Chemical Method Microbial Assay Chemical) 
86.5 100.5 14.0 
89.5 97.0 7 
95.0 97.5 2. 
2 0 OS 6 
0 101 12 
102 12. 
96 6. 
101 15.5 
99. 5 
100! 11 
103 10 
98 0.5 
91.! —2 
97 
98 
97 


99! 


2 ore ort 


St 


Av 


Av. dev. a 3 


CHEMICAL Assay OF DIHYDROSTREP- 
TOMYCIN SULFATE 


TABLe IV 


' Difference in % 
“> Dihydrostreptomycin Sulfate (Microbial — 
Chemical Method Microbial Assay Chemical) 
91.5 96.0 4.5 
94.0 105.0 11.0 
980 97! —0.5 
93.5 98 .! 5 
96.0 97 
06.0 101 
95.0 102 
97.5 102. 
97.5 101 
97.0 100 
91.0 101 
45.0 103 
91 102 
91. 98 
O8 104 
92 101 
94 98.5 
94! 100 
92.5 102 
96. 102 
96 102 
93: 99 
95.5 100 
Av. 
Av. dev. 2.2 


the concentration of periodic acid was varied 
from a tenfold to a hundred-fold excess. 
The amount finally selected was approximately 
50 times the theoretical amount required for the 
The ten-minute wait- 


one 


reaction being measured. 
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ing period resulted in about a 10 per cent greater 
yield of formaldehyde than was obtained upon 
immediate distillation. The use of arsenite in 
flask, 


for 


as recommended by Boyd 
the 


the oxidation 
and Logan (2 determination of serine, 
did not yield reproducible results. The formal- 
dehyde recoveries by their procedure approxi- 
mated 15 to 25 


Since the 


per cent of theory 


formaldehyde recovery varied with 


the nature of the salt oxidized, it was necessary 


to carry out the calibration with a known sample 
of the particular dihydrostreptomycin salt to 
be tested. It that there 


was evident was some 


difference in the reaction characteristics for the 
and the sulfate because during 


the 


trihydrochloride 
the 
purple-brown iodine 

Phis 


oxidation of trihydrochloride, copious 
the 


with 


reac 
the 


fumes formed in 


tion chamber did not occur 
sulfate 

In the initial studies a portion of each distillate 
was analyzed for reducing substances by iodo- 
metric Chese 


recoveries greater than the theoretical amount of 


titration titrations indicated 
formaldehyde predicted when all of the reducing 
substances distilled were assumed to be formalde 
hyde, the distillation 
the minute period resulted 


Prolongation of beyond 


recommended twent 
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in the further evolution of relatively small 


amounts of reducing substances. 


> 


About a 3 
per cent increase was observed for every fifteen- 


minute increment of additional heating. Form- 


aldehyde was found by the chromotropic acid 
method to comprise only an insignificant portion 
of this. 

By standardization of the distillation time as 
well as the concentration of reagents and by use 
of chromotropic acid reagent for measuring the 
formaldehyde, satisfactory reproducibility is at 


tained 
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Effect of Pantothenic Acid Antagonists on the 
Action of Choline Acetylase* 


By GUSTAV J]. MARTIN, ROBERT BRENDEL, MIRIAM GRAFF, and J. M. BEILER 


The effects of several pantothenic acid ana- 

logues have been tested on the action of cho- 

line acetylase. The only one found to pro- 

duce a nonspecific inhibition was salicyloyl- 

j-alanide. Other pantothenic acid analogues 
were without appreciable effect. 


the nthesis of 


acet nd welale 


Intensive res " enzyme led to the 


finding, indeper Nachmansohn and 


by Lipmann issociated with a 


coenzyni hous h tructure of this co 


Rex (ote t at kK 


enzyme has not yet been completely elucidated, 


it has been shown (4) to contain pantothenic 


acid, associated in some way with an adenine 
nucleotide 

The fact that the coenzyme (coenzyme A) con 
tained pantothenic acid suggested that agents 
known to act as antagonists to this vitamin in 
bacterial and other systems might show the same 
property in relation to coenzyme A, and that this 
the 
For this reason a study 


would result in an inhibition of action of 


choline acetylase was 
undertaken of the effect on choline acetylase of 
rhis 


several such pantothenic acid antagonists. 
paper presents the results of the investigation 
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EXPERIMENTAL 


rhe measurement of choline acetylase activity 
was carried out according to the method of Nach 
mansohn and John (5 Acetone-dried rat brain 
was used as a source of the enzyme. Additions to 
the tissue extract were choline chloride, final con 
centration 0.0025 M, sodium acetate, 0.02 MM, 
sodium fluoride, 0.02 M, and cysteine hydrochloride, 
0.015 M. It was found that, with the acetone-dried 
tissue as a source of the enzyme, the reaction pro 
ceeded satisfactorily without the presence of physo 
stigmine, so that this was omitted 

After incubation of the reaction mixture for twenty 
minutes the reaction was stopped (5) and the amount 
of acetyl choline formed was determined by measur 
ing the contraction produced on the isolated guinea 
pig intestine by aliquots of the reaction mixture, and 
comparing it with the contraction produced by 
known amounts of acetyl choline. The omission of 
physostigmine made possible the use of the guinea 
pig intestine, which was found to be more sensitive 
and more convenient to work with than frog muscle 
In each experiment controls were run without the 
vddition of any pantothenic acid antagonist, and 
with added antagonist but without adenosine tri 
phosphate, so that no reaction could occur. It was 
thus possible to determine whether any of the sub 
stances tested had any effect on the tissue used for 
assay, or any effect on the response of the tissue to 
acetyl choline 


RESULTS 


rhe results are presented in Table I. Figures are 
in per cent inhibition, calculated on the basis of the 
difference in the quantity of acetyl choline produced 
in the controls without addition of an antagonist and 
that produced in the presence of an antagonist 


rasie | EFFECT OF PANTOTHENIC AcID ANTAGO- 


NISTS ON CHOLINE ACETYLASE 


Inhibition 
0 Mg./Ce. 0.1 Mg./Ce 
Salicyloyl- 8-alanide 100 20 
Benzoyl-8-alanide 25 
Diacetyl pantoy! 0 
sulfanilamide 
Pantoyltaurine 
Pantoic acid 
Panthydrazide 
Calcium pantothenat« 
Salicylic acid 


Compounds 


rhe results show that with the exception of 
salicyloyl-8-alanide and, to a lesser extent, benzoy! 
8-alanide, none of the compounds tested had any 
inhibitory effect. Indeed, both pantoic and 


panthydrazide produced a definite but not consist 


acid 


tested at 
without having 


ent stimulation. Pantoyltaurine 
concentrations as high as 5.0 mg./cc 
any effect. 

In order to determine whether the inhibition pro 
duced by the salicyloyl-8-alanide was specific—that 
is, whether the compound acted by virtue of a 
specific antagonism to the coenzyme——attempts were 
made to reverse the inhibition by the addition of both 
calcium pantothenate and coenzyme A. Several 
preparations of coenzyme A, of varying potency were 
made in this laboratory by the method of Kaplan 
and Lipmann (6), and one was very generously sup- 
plied to us by Dr. Morris Soodak of the Massa 
chusetts General Hospital. None of these prepara 
tions nor calcium pantothenate reversed the inhibi 
tion produced by salicyloyl-s-alanide 


was 


DISCUSSION 


It must be concluded that the inhibition produced 
by salicyloyl-s-alanide is not 
antagonism to the coenzyme 


due to a_ specific 
All the other agents 
tested were completely without effect, although they 
exhibited to a greater or lesser degree antagonism to 
pantothenic acid itself in other systems. These 
findings are in line with the report by Novelli and 
Lipmann (7) that phenyl pantothenone had no effect 
on the action of preformed coenzyme A in yeast 
This same situation has now been shown to obtain in 
the choline acetylase system 

Preliminary studies have been carried out with 

purine analogues, in the same way as those reported 
here, since the coenzyme has also been shown to con 
tain adenine (4 Results from these have been 
negative. It would seem that a substance func 
tioning as a specific antagenist of coenzyme A must 
have a structure of approximately equal complexity 
to the coenzyme, and that analogues of its com 
ponent parts are by themselves without effect 


SUMMARY 


Che effects of a number of pantothenic acid 


analogues have been tested on the action of 


choline acetylase Salicyloyl-8-alanide gave a 


nonspecific inhibition; the others were without 


appreciable effect 
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The Absorption and Excretion of a Liquid 
Polyethylene Glycol" 


By C. BOYD SHAFFER, FRANCES H. CRITCHFIELD, and JOHN H. NAIR III 


Additional data have been developed on the absorption and excretion of liquid poly- 


ethylene glycols. 


Results are reported of studies involving the administration of 


PEG 400 both orally and intravenously to human subjects and subsequently deter- 


mining the rate and extent of excretion in the urine. 


Single oral doses of PEG 400 


were also administered to rabbits and the percentage recoveries from feces and urine 


determined. 


Evidence from these and other studies indicates, that ethylene glycol 


is not formed as a metabolite of PEG 400. 


Ts investigation is largely supplementary to 

an earlier report on the absorption and ex 
cretion of the solid polyethylene glycols (1) 
At the time that work was done the analytical 
method was not believed applicable to the liquid 
polyethylene glycols; however, further investiga- 
tion established the fact that polyethylene glycol 
400 (PEG 400) could be determined satisfactorily 
by the method employed with the solid com- 
pounds. It was considered desirable, therefore, 
to enlarge this study of absorption and excretion 
to include PEG 400 in view of the widespread 
interest in the use of this polyglycol and its fatty 
acid esters in foods, drugs, and cosmetics. In 


addition, this study was extended to other 


species, not examined in the previous work, and 
some attempt was made to identify possible inter 
mediary metabolites of the compound 


METHODS 


Most of the techniques used in this work and the 
routine followed in the experiments with human 
subjects have been described in detail in the 
referred to Some 
noted, however 

Quantitative Determination of Polyethylene Gly- 
col 400.—-Two methods were used for this purpose 
The first is the gravimetric silicotungstate method 
developed in this laboratory (2 This procedure 
was used in all cases excepting the oral doses to 
rabbits, and three urinalyses with human subjects 

In the studies using rabbits, the polyethylene 
glycol was determined in urine and fecal samples by 
the modification of the alkoxyl method described 
by Morgan (3 The preparation of samples for 
analysis is as follows: the twenty-four-hour collec 
was measured, and exactly one-half 
was placed in an evaporating dish together with 10 
Gm. of “‘Celite 
steam bath 


paper 


above (1 additions may be 


tion of urine 


’ filter aid and taken to dryness on a 
The residue was then pulverized as 
finely as possible, and transferred quantitatively to 
the cup of a Soxhlet extractor in which 
extracted continuously for a minimum of eight hours 
with alcohol-free chloroform. The extract 
then concentrated to 100 ml. and stored in a volu 
metric flask 


it was 


was 


* Received December 10, 1949, from the Mellon Institute 
of Industrial Research, Pittsburgh, Pa 


The entire twenty-four-hour collection of feces 
was dried in an oven at 65° to 75° for several days 
When thoroughly dry, the feces were ground in a 
mortar until all of the particles would pass at 
least a 20-mesh screen. The ground sample was 
then placed in a Soxhlet cup and the procedure from 
this point on was the same as outlined for the urine 
residues. 

Aliquots of the chloroform extracts of urine and 
feces were evaporated to dryness in the reaction 
flask of the ethoxyl apparatus. When the chloro- 
form appeared to have distilled completely, the 
flask was attached to a water jet pump for about 
fifteen minutes to ensure complete removal of the 
solvent. The aliquot taken should be calculated 
to contain an equivalent of not more than approxi- 
mately 30 mg. ethoxyl. The maximum volume 
that can be accommodated at one time in the flask 
is about 15 ml., so that where the concentration of 
polyglycol in the extract is expected to be low it is 
necessary to evaporate several aliquots of this size 
in order to obtain a convenient amount of ethoxy! 
for the determination 

A factor of 1.047 was calculated for converting 
ethoxyl to polyethylene glycol 400, assuming a 
molecular weight of exactly 400 for the latter. 

Estimation of the extent of recovery of an oral or 
intravenous dose of polyethylene glycol 400 by 
analysis of urine and feces in this manner involves 
considerable uncertainty arising both from loss of 
urine on walls and floor of collecting cages and from 
incomplete extraction of the polyglycol by chloro 
form during this step in the procedure. Quantities 
of polyethylene glycol 400 of the order of 200 mg. 
1dded to urine or in aqueous solution could be re- 
covered to the extent of 95% (average of eight trials) 
Similarly, this amount added to dried, formed feces 
could be recovered to the extent of 93% However, 
it is questionable whether this type of fecal control 
experiment is a valid representation of the problem 
of extracting the polyglycol from the formed feces 
after an oral dose. Therefore, as a further check, 
several rabbits were killed and samples of the semi- 
liquid contents of the anterior portion of the large 
intestine were removed. When known quantities of 
polyethylene glycol 400 were added to these intesti 
nal contents, an average of only 67% of the poly- 
glycol could be recovered in eight trials. Bacterial 
decomposition of the polyglycol is not a factor in 
these low results since autoclaving of some of the 
samples of intestinal contents prior to addition of 
the PEG 400 did not influence the findings. There 
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fore, it is quite probable that the following fecal 
analyses are as much as one-third low. 

Urine and feces from undosed rabbits give a vari 
able but small blank when carried through the 
analytical procedure 

Estimation of Intestinal Absorption in Rats. 
The procedure used in this experiment is the one 
described by Cori (4), and was employed in previous 
studies on the solid polyethylene glycols 

Quantitative Determination of Ethylene Glycol. 
This procedure is adapted from that published by 
Corcoran and Page (5). The authors describe this 
as a method for the determination of mannitol, but 
it is equally applicable to any compound that is 
readily oxidized to periodic acid with formaldehyde 
as one of the products 


EXPERIMENTAL 


Urinary Excretion after Doses to Human Subjects. 
—One gram of PEG 400 in 20 ml. of physiological 
saline solution was injected intravenously into each 
of four human subjects, and the amount excreted in 
the urine was determined at successive time inter 
These results are given in 
excretion 


vals up to twelve hours 
Table I. Similarly, the urinary 
function of time was determined in two subjects after 
oral doses of 10 Gm. of the polyglycol, and in a third 


as a 


PERCENTAGE OF ToTAL Dose EXCRETED 
tN UrINe oF HiMaAN Supyects Durtnc Succes 
stvE Time INTERVALS FOLLOWING THE INTRAVE 
NOUS INJECTION OF | GM. OF POLYETHYLENE GLYCOL 
400 


TABLE I 


Excretion —Per Cent of Total Injected 
HFS, CPC, CSW. UC 
rime Interval » . ‘ 
0-15 min li 
5-30 min 
45 min 


16.33 76 «13.19 
70 : 6.18 
28 8 4 44 
45 min hr 94 j 3.63 
lL hr. 30 min d 9.6 5.02 
30 min.-3 hr 3 : : l 


19 
68 


+) 1) 


10 hr 


12 hr 


Total 


* Sum of last two periods 

6 Determinations lost for these intervals 

Nore: Analyses for data in this table were performed by 
the gravimetric method In separate experiments the total 
amount of polyethylene glycol 400 excreted in the urine 
during the twelve-hour period immediately following the 
intravenous injection of 1 Gm. was determined in 3 human 
subjects using the analytical method of Morgan for ethoxy! 
determination. The results of these analyses, expressed as 
per cent of the 1 Gm. dose injected are as follows: Subject 
C.B.S., 76%; Subject C.P.C., 75 Subject U.C_P., 80% 


15%; 


raswe iil PERCENTAGE RECOVERIES OF AN ORAI 


Dose or 8.5 Gu 
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TABLE II.—PERCENTAGE oF ToTaL Doss Ex- 
CRETED IN URINE OF HuMAN Supyects DurRING 
Successtve Time INTERVALS FOLLOWING THE 
INGESTION OF A Dose OF POLYETHYLENE GLYCOL 
400 (H.F.S. ann U.C.P., 10 Gu.; C.B.S., 5 Gm.) 


Excretion—Per Cent of Total Ingested 
H.FS., CBS. U.C.P., 
Hr % % % 
15.60 
11.55 
5.94 
8. 78* 
2.13 
Lost 
0.41 


0.52 


Time 
Interval 


l 


noo 
oo 8 


1m = tO 
TM ae 8 
wos 


to Code cot 
we 


pt ee BO 
ey 
as soe 
= -) 


48 


Total 44.93 39.52 


* This quantity was excreted bet ween three and five hours 
6 This quantity was excreted between the twelfth and 
fourteenth hour. 


subject after the ingestion of 5 Gm. These results 


appear in Table II 


Intestinal Absorption in Rats.—Groups of fasted 
adult albino rats were dosed with a 25% solution of 
PEG 400 and the rate of intestinal absorption was 
determined according to Cori’s technique. An 
absorption coefficient of approximately 68 mg. per 
hour per 100 Gm. of body weight was calculated 
from the results. A mean value of 62% of the dose 
was absorbed in five hours 


Recovery of Oral Doses from Urine and Feces of 
Rabbits.—Three rabbits were given a dose of 8.5 
Gm. of PEG 400 by stomach tube, and three more 
received a of 5.7 Gm. by the same route. 
Both urine and feces were collected each day follow 
ing the dose for three successive days in the first 
case, and for four days in the latter. The excreta 
were analyzed for polyglycol by the method de 
scribed above. The results were calculated as per 
centage recovery of the original dose, and are given 
in Tables III and IV. 


Recovery of Single Intravenous Doses from Urine 
of Rabbits.—Three rabbits were given by intrave- 
nous injection 10 ml. of a sterile saline solution con 
taining 0.4 Gm. of PEG 400. Urine collected up to 
twenty-four hours following the injection contained 
46, 47, and 49% of the dose, respectively. Three 
other rabbits received 0.75 Gm. of PEG 400 in the 
same fashion, and urine was collected for forty- 
eight hours following the dose. Recovery of the 
injected polyglycol in these cases was 63, 68, and 
69%, respectively. These values are not corrected 
for the 5% loss indicated by control experiments 


dose 


OF POLYETHYLENE GLYCOL 400 FROM 


URINE AND Feces oF RABBITS FOR THREE CONSECUTIVE 24-Hr. PERIODS FOLLOWING THE Dose 


Rabbit No. 43 
Urine 


Ist Day 25.04 
2nd Day 4.41 


3rd Day 2.13 


Total 31.58 


Grand Total 39.30 


Nore 


Rabbit No. 67 
Urine Feces 
35.85 18.85 
5.538 4.04 
2.30 0.57 l 


Rabbit No. 71— 
Urine F 
26.59 

4.33 
85 


23.46 
14 


43.68 


67 55.95 


Results corrected for a possible 5% error in the urinalyses and a possible 33% error in the fecal analyses. 
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PERCENTAGE RECOVERIES OF AN ORAL Dose or 5.69 Gam. oF POLYETHYLENE GLYCOL 400 FROM 


URINE AND Feces or Rapsits FoR Four Consecutive 24-Hr. Pertops FOLLOWING THE Dose 


Rabbit No. 43 -——~ 
Urine Feces 


Ist Day 12.13 1.57 
2nd Day 3.17 7.09 
ird Day 1.95 
ith Day 0.69 


Total 17.94 iS 
Grand Total 28.42 


NoTe 


Constant Intravenous Infusion of PEG 400 Solu- 
tions to Dogs. Since the data on the recovery of 
PEG 400 after oral and intravenous administration 
to human subjects and experimental animals indi 
cated a substantial amount of metabolic disposal of 
this polyglycol it seemed important to test this pos 
ibility by another line of investigation. For this 
purpose, three dogs were subjected to a constant in- 
travenous infusion of a 5% solution of PEG 400 in 
saline The solution was delivered from a syringe 
equipped with a motor-driven worm screw, and the 
technique was essentially that of the constant infu 
sion method for determining renal clearances (6, 7). 
it which the polyglycol was excreted in the 

compared with the rate at which it was 
As a control similar experiments were per 
compound 4000 which 
to be metabolized but 
very slightly if at all The showed that 
whereas an average of 98 mg. of “Carbowax” 
compound 4000 was excreted for every 100 mg. in 
jected, only 75 to 88 mg. of PEG 400 could be recov 
These findings, 
from 


rhe rate 
urine was 
infused 
using ‘“‘Carbowax”’ 
previous work had 


formed 
shown 
results 


infused 
results of 


ered for every 100 mg 
therefore, support the 
ingle doses in demonstrating a significant metabolic 
destruction of PEG 400 


recoveries 


tly in progress on the absorp 

PEG 300 and 400) from intramuscular and 
subcutaneous depots in « e recover approximately 95% 
f the injected material (2 ml. /Kg in the urine over a 
period of forty-eight During the first six hours of 
these experiments the animals are anesthetized, the bladder 
is catheterized, and urine flow is augmented by a constant 
low intravenous infusion It would appear, there 
ore, that the question of metabolic destruction of PEG 300 
snd 400 has not yet been definitely decided 


In studies that are 
tion of 


hours 


of saline 


rasie \ 
LOWING 


Weight 
g 0" 

Dose 
1S 
13.4 


16.5 


Solution by 
In.9 
13 


It) 


- -Rabbit No. 67 . 


Results corrected for a possible 5°% error in the urinalyses and a possible 33°% 


Apparent Ethylene Glycol 
l 


2 Gm. / Kg. Polyethylene 


-————Rabbit No. 71 
Urine Feces Urine 

37 15.68 .63 

3 2.40 .79 

2.10 O7 

0.62 QS 


Feces 


36 20.80 5.47 
26.27 


error in the fecal analyses 


Determination of Ethylene Glycol and Related 
Substances in Plasma and Urine Following Ad- 
ministration of PEG 400.—The fact that the animal 
body can effect some metabolic change on PEG 400 
logically leads to the question of what products may 
result. Unfortunately the detection of intermedi 
ary metabolites of aliphatic compounds, because of 
their transient existence, is in most instances very 
difficult However, it did appear feasible to test the 
possibility that ethylene glycol might be produced 
Accordingly, three dogs were given 2 Gm./Kg 
of PEG 400 by stomach tube, and samples of venous 
blood were drawn at one-half-, one-, two-, and 
three-hour intervals following the dose. The plasma 
was analyzed for ethylene glycol, or rather, sub 
stances oxidizable by periodate with the formation 
of formaldehyde (‘‘apparent”’ ethylene glycol) 
There is a small and variable blank in both plasma 
and urine consisting chiefly of glucose, that reacts 
to this method. In order to determine whether a 
small amount of glycol present in, or resulting from, 
the PEG 400 could be detected by the analytical 
method similar doses were given in which 1% by 
weight of ethylene glycol was added to the latter, 
and on another occasion a 1° solution of ethylene 
glycol in distilled water was administered. The re 
sults of this series of experiments appear in Table \ 

This ‘“‘apparent”’ ethylene glycol was determined 
in plasma and urine following both the oral and 
intravenous doses of PEG 400 to human subjects 
described The amounts of reactive sub 
stances determined under these circumstances are 
extremely small and irregular and bear no relation 
to the absorption and excretion of PEG 400 as de 


above 


PLASMA LEVELS OF SUBSTANCES MEASURED AS ETHYLENE GLYCOL IN Docs At INTERVALS Fo! 
THE ORAL ADMINISTRATION OF 2 Gm./KG. 


OF THE FOLLOWING MATERIALS OR MIXTURES 


Plasma— 


Mg per 100 ml 
Ir > Hr 3 Hr 


).5 He 2 
Glycol 400 

0.36 0.46 0.27 

0.46 0.76 0.95 


1.15 ‘ 1.20 1.15 


Weight of Ethylene Glycol in Polyethylene Glycol 400 


2 dl 9.33 
2g iS 
4.11 3.2) 


1 O68 4.96 
5.98 4.96 


6.52 5.98 


Solution by Weight of Ethylene Glycol in Water 


oOo] 


36 


_ » 
2.4 
2.62 


3.99 1.65 


3.18 2.62 
3.35 2 S84 
5.99 


) 
, 


was drawn immediately prior to giving the dose of polyethylene glycol 400 
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termined concurrently. This fact leads to the same 
conclusion as the data in Table IV, namely, that 
ethylene glycol is not a metabolite of PEG 400 


DISCUSSION 


The mean value of 77% recovered in the urine 
following the intravenous doses of PEG 400 to 
human subjects is in harmony with the trend ex 
hibited by the solid polyethylene glycols where it 
was found that 96% of ‘“‘Carbowax"’ compound 6000 
could be accounted for in similar experiments, where- 
is only 85% of ‘‘Carbowax”’ compound 1000 could 
be recovered (1) The smaller the mean molecular 
weight, therefore, the greater is the susceptibility to 
metabolic destruction and the greater is the extent 
of absorption from the gastrointestinal tract 
Both of these latter phenomena would seem to be 
related to the greater diffusibility of the low molecu 
lar weights. In studies reported elsewhere (8) it 
was shown that the ability of the compounds of the 
polyethylene glycol series to penetrate cellophane 
membranes diminishes with increasing molecular 
weight, and that within the body the distribution of 
the higher members of the series is extracellular, 
whereas PEG 400 diffuses intracellularly to a con 
siderable extent. Under these circumstances the 
smaller molecular weight compounds gain access 
to enzyme systems not encountered by the larger 
species, and these systems are apparently able to 
uccomplish some destruction of the polyglycol 
rhe terminal hydroxyl groups would appear to offer 
the most likely point of initial metabolic attack with 
cleavage of the carbon-oxygen bond occurring as the 
reaction proceeds along the chain. Although th« 
ether linkage is generally assumed to be exceedingly 
stable within the animal body, there remains little 
doubt that it can be broken, both in aliphatic and 
aromatic compounds (9, 10) 

Since the maximum rate of urinary excretion of the 
polyglycol following oral doses to the human sub 
jects far exceeded the maximum rate achieved after 
the intravenous injection of 1 Gm., no analysis of 
the kinetics of absorption was possible according to 
the scheme employed with ‘“‘Carbowax’’ compound 
1000 (1) 

A consideration of the data given in Tables III 
ind IV on the recovery in urine and feces of oral 
doses of PEG 400 to rabbits shows a considerable 
percentage unaccounted for in each case. In Table 
III, the average total urinary excretion is 36%, fecal 
excretion 18°), leaving 46° unaccounted for. If 
it is considered that this missing portion must have 
been absorbed to have been destroyed, then total 
absorption amounted to 46 plus 36, or 82%. Like 
wise, in Table IV the average total urinary excretion 
is 20%, fecal excretion 9°), and 71°% is unaccounted 
for. Total absorption in this case is therefore 91° 
The principal point of consistency in these two ex 
periments is the fact that the absolute amount de 
stroyed in each case is practically the same, 3.9 
Gm. and 4.0 Gm., respectively. This would indicate 
that, above a certain critical level, the material is 
metabolized at a constant rate, regardless of its 
concentration within the body, a situation that is 
known to exist in the case of several other organic 
compounds that have been studied 

The discrepancy noted between the rate of infu 
sion and the rate of urinary excretion of PEG 400 
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during the constant intravenous infusions could 
have occurred should there be extra-renal routes of 
disposal of the injected material other than meta- 
bolic destruction. This is not believed to be the 
case, however. The most Jik.s1, nonrenal route 
under the circumstances would be secretion into the 
bile. This alternative was investigated in another 
experiment in which a bile fistula was created in a 
dog. A length of polyethylene tubing was inserted 
into the common bile duct and carried through a 
small incision in the body wall to the exterior where 
it drained into a small rubber bag. The bile ex- 
creted for twenty-four hours subsequent to an oral 
dose of 2 Gm./Kg. PEG 400 did not contain any 
significant amount of polyglycol when analyzed 
by the ethoxyl procedure. A blank determination 
(animal not dosed) on bile collected over the 
same length of time yielded the same result. 


SUMMARY AND CONCLUSIONS 


1. Four separate intravenous injections of 1 
Gm. each of polyethylene glycol 400, two oral 
doses of 10 Gm. each, and one oral dose of 5 Gm. 
have been given to a series of five adult human 
male subjects. 

2. PEG 400 is excreted readily in the urine 
when injected intravenously in man. However, 
because of the greater diffusibility of the smaller 
molecule, the rate of excretion is not as great as 
that of the higher molecular weight polyglycols 
Of three subjects re- 
ceiving 1 Gm. each by the intravenous route, an 
average of 77 per cent was recovered in the urine 
within the following twelve hours. 


under similar conditions. 


9 


3. Of three human subjects receiving oral 
doses of PEG 400, between 40 and 50 per cent of 
the dose was excreted in the urine in the course 
of the following twenty-four hours. Since the 
data following intravenous administration indi 
cate that approximately 23 per cent of whatever 
PEG 400 that is absorbed is destroyed, it is con- 
cluded that total absorption of oral doses of this 
magnitude amounts to between 52 and 65 per 
cent. These figures are in fair agreement with 
those for the extent of absorption of this material 
from the rat intestine as determined by Cori’s 
method 

4. Single oral doses of PEG 400 were incom 


pletely recovered from urine and feces of rabbits 


even when collection of excreta was continued 
The per- 
for was 


as long as four days following the dose 
of the 
greater in the case of tlre smaller dose, It is 
concluded that this deficit represents metabolic 
destruction, and certain experiments involving 


centage material unaccounted 


constant intravenous infusion of polyglycol solu 
tions are cited in support of this conclusion. 

5. Evidence is offered that ethylene glycol is 
not formed as a metabolite of PEG 400 
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Examination of Some 


Polyethylene Glycols* 


By C. BOYD SHAFFER, FRANCES H. CRITCHFIELD, and JOHN H. NAIR III 


Pertinent chemical and physical data relating to a series of polyethylene glycols 200 


to 10,000, inclusive, have been developed and are reported. 


Some compounds of 


the series are distinguished by their precipitability by barium silicotungstate and 
most of them show an inverse relationship between ultrafilterability and mean molec- 


ular weight. 


From chemical and X-ray diffraction data developed for the poly- 


glycol-barium silicotungstate complex, a hypothesis as to its structure has been 
educed. 


several years there has been com 


F THE past 


mercially available a series of products 


known as the polyethylene (polyoxyethylene) 


glycols and “Carbowax’’! compounds. These 
are manufactured through the reaction of ethyl- 
ene oxide with wate r,¢ thylene glyce 1, or diethyl- 
ene glycol, the latter materials furnishing func- 
this 


propagation of the reaction 


tional groups (in case hydroxyl) for the 
The process results 
in a mixture of diols of different chain lengths, in 
which the numbers of molecules of various sizes 
are presumed to be represented by Poisson's dis 
tribution (1) 

Since experimental methods have not thus far 
yielded accurate information on the composition 
of high polymer these 


deduced 


means of 


the characterization of 


products is difficult. Flory (1) has 


theoretical which 


calculated 


relationships by 


molecular size distributions can be 


In manufacturing practice, the liquid compounds 


are defined by a mean molecular weight deter 


mined by esterification with phthalic anhydride 


in pyridine, and product specifications embrace 


ed December 10, 1949, from the 

Research, Pittsburgh, Pa 
tered trade-mark name of the Carbide and 
Corporation The products available 
polyethylene 200, 300. 400. and 
1500. 1540. 4000. and 
8000 In this paper the term ‘“polyglycol will be used in 
reference to all members of this seri This excludes di 
ethylene and triethylene glycols The ation “PEG 
will be used for polyethylene glycol 


Mellon Institute 


a reg 
Chemical 


from this 
600, and “Carbowax 


source are glyco 


compounds 1000 


abbrev 


a range of plus or minus 5 per cent of the nominal 
value. The solid compounds (“‘Carbowax”’ com 
pounds) are defined both by a freezing point 
range and by their viscosity at 210° F. A re- 
lationship between viscosity and mean molecular 
weight permits the designation of the solids ac 
cording to mean molecular weight as is done in 
the case of the liquid products 

Because of the diverse applications of these 
materials in foods, drugs, and cosmetics, this 
laboratory has had occasion to conduct extended 
investigations 


toxicological them (2, 3 


In the course of this work, the need for better 


upon 


chemical and physical characterization of them 
has become increasingly apparent, not only for 
the purpose of analysis of formulations involving 
them, but also for the interpretation of pharma 
cological relation to 


properties in molecular 


weight. A special problem is that of differentiat 
ing between individual polyglycols of which the 
molecular weight has been achieved by 


the process referred 


mean 
to above, and blends in 
which the same mean molecular weight results 
from the mixing of two or more individual prod 
ucts. The following is a description of certain 
investigations that have revealed some differences 
in the physical and chemical properties of the 
members of the polyglycol series that afford a 
partial basis for identifying them under circum- 
stances wherein the determination of other phys 
ical properties would not be feasible 
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METHODS 


Combining Ratio with Barium Silicotungstate. 
It has been known for some time that the polyglycols 
form water-insoluble coordination complexes with 
barium silicotungstate, and this reaction has pro 
vided a means for their quantitative determination 
(4). In the present work, samples of each member 
of the series have been submitted to this procedure, 
and the results have been calculated as parts by 
weight of ignited residue per part of polyglycol 
This value is designated as the ‘“‘combining ratio." 
lhe method has been modified slightly in the direc 
tion of more complete standardization in order to 
secure consistent results with polyethylene: glycols 
200 and 300, in which cases water-solubility of the 
precipitate is a factor. The total volume of the 
reacting solutions has been adjusted to 250 ml., and 
a small amount of a shredded paper filtering aid has 
been added in order to coagulate the precipitate 
During the filtration step, the amount of wash water 
is limited to 5 portions of 20 ml. each. 

The weight of barium silicotungstate ash ob 
tained from equal weights of different polyglycols 
above polyethylene glycol 300 are nearly constant, 
and not proportional to the molecular weight of the 
glycol. In order to investigate the composition of 
the complex precipitated, and in particular to obtain 
some rational basis for expecting constant composi 
tion, the following experiment was performed 
Fifty-milligram samples of each of these polyglycols 
20 mg. in the case of ‘‘Carbowax’’ compounds 4000 
and 6000 since these complexes are more difficultly 
filterable) were treated in replicates of 10 with bar 
ium silicotungstate, and the precipitate was filtered, 
dried at 110° for several hours, and weighed. These 
precipitates, which contain the polyglycol, were then 
transferred to a muffle at 750° for one hour, follow 
ing which the barium silicotungstate ash was 
weighed The composition of this ignited residue 
has been verified by chemical analysis as 2BaO.- 
Si0,. 12WO 

X-Ray Diffraction Technique.—The solid poly- 
glycols give distinctly crystalline X-ray diffraction 
patterns (see Fig. 1), but the liquid compounds are 
obviously not adaptable to examination by this 
method. The solid complexes formed by the reac- 
tion of the polyglycols with barium silicotungstate, 
however, afford a convenient means of converting 
all of these compounds to a form suitable for this 
purpose. Accordingly, X-ray diffraction powder 
patterns have been taken of these complexes involv- 
ing polyethylene glycols 400 and 600, and ‘‘Carbo- 
wax"’ compounds 1000, 1540, 4000, and 6000, re- 
spectively. 


Two types of photographs have been made: (a) 
Debye-Scherrer patterns, and (+b) monochromatic 
The former were taken on a nar- 
row strip of film circularly disposed in a camera of 


pinhole patterns. 


diameter using CuKa radiation and ex 
The sample was loaded in- 


114.6 mm 
posures of four hours 
side a thin-walled paralodion tube of 0.6 mm. i.d. 
for the exposure. The monochromatic pinhole pat- 
terns were prepared with the General Electric 
vacuum-back flat cassette assembly using a sample 
to-film distance of 8 cm. Micronized quartzite 
was added to the approximate 
proportion of 1:1, 
permitting an accurate determination of sample-to- 


each sample in 
the reference lines thus obtained 


Fig. 1.—Monochromatic pinhole X-ray diffraction 
pattern of ‘‘Carbowax” compound 4000 


film distance. For photographs of this type the 
sample was held between two plates. The mono- 
chromatic pinhole technique gives a greater disper- 
sion of the lines in the pattern, and was therefore 
employed where measurements of spacings were to 
be made. The inclusion of quartzite provides an 
internal standard, since the length of the one im- 
portant spacing produced by this material is well 
known. 

Filtration through Cellophane Membranes. 
Each of the members of the polyglycol series has 
been filtered in aqueous solution through cellophane 
membranes. Two types of membrane have been 
employed: (a) Du Pont cellophane No. 600 PT in 
sheet form, and (b) a seamless cellophane tubing 
sold by various laboratory supply houses as dialyzer 
tubing. This latter material is very closely akin 
to, if not identical with, ‘“‘Visking”’ sausage casing. 
Iwo forms of apparatus have been used. The first 
of these is the Coolidge device (5) which consists 
of a modified centrifuge tube, and in which the fil 
tration pressure is provided by centrifugal force 
The second is the Lavietes filter capsule (6) which 
utilizes the hydrostatic pressure of a column of mer- 
cury for the same purpose. Determination of the 
polyglycol in substrate and filtrate was made 
according to the precipitation method described 
ibove. The percentage ratio of the concentration 
of polyglycol in the filtrate to that in the substrate 
is expressed as the “‘per cent filterable.”’ 

Determination of Ethylene Glycol in Polyglycols. 

The basis of this determination is the fact that 
ethylene glycol is oxidized by periodic acid by virtue 
of the presence of hydroxyl groups on adjacent car- 
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bon atoms rhe polyglycols (including diethylene 
glycol and above) are unaffected. Approximately 
20 Gm. of sample is weighed into a 500-ml. Erlen- 
meyer flask containing about 50 ml. of 15% (w/v) 
sulfuric acid. To this there is added, from a burette, 
exactly 35 ml. of 0.2 N periodic acid, and the flask 
is swirled gently and allowed to stand for about one 
minute. The sides of the flask are then washed 
down with 175 ml. of a saturated solution of sodium 
bicarbonate, and 50 ml. of 0.2 N sodium arsenite 
solution is added from a burette. The solution is 
illowed to stand ten minutes, with occasional 
wirling. The excess arsenite is then titrated with 
tandard 0.1 WN iodine, using a_ few milliliters of 
starch indicator. A blank is run following the same 
procedure but omitting the sample. The percent 
ige by weight of ethylene glycol in the sample is 
given by the formula A= Sn Xs oe where A 
weight of sample 
is the ml. of iodine required for the sample, B the 
ml. of iodine for the blank, and N is the normality of 
the iodine solution used 


RESULTS AND DISCUSSION 


Reaction with Barium Silicotungstate.—-The re 
ults of the investigation on the composition of these 
complexes are given in Table I expressed in terms of 
mg. of product per mg. of sample taken. The cal- 
culated molar compositions demonstrate the de- 
creasing amount of polyglycol in the complex for 
increasing molecular weight of the former. How 
ever, there is a substantially constant molar content 
of polyglycol oxygen in the complex, whether 
the calculation be made in terms of total oxygen, 
ethoxyl oxygen, or ether oxygen atoms. Averages 
for the 6 polyglycols are 


Total oxygen, 18.32, standard deviation +0.34 
on 
(1.9%) 

Ethoxyl oxygen, 17.52, standard deviation +0.76 
14% 

Ether oxygen, 16.72, standard deviation 1.40 
8.4%) 


rhe most constant value is obtained when the cal 
culation is made in terms of total oxygen atoms, and 
it seems logical to believe, therefore, that the bonds 
forming the complex include every oxygen atom of 
the polyglycol, whether it be in hydroxyl or ether 
linkage In fact, the results are more constant 
than would be expected because the nominal mean 


raace | ANALYSES OF THE BARIUM SILICc« 


400 

Sample taken, mg 1.00 
Complex precipitated, mg 5.18 
Ash of complex, mg 4.15 
Loss of weight on ignition, mg 1.03 
Water in complex, mg.* 0.03 
Molar composition of complex 

Ash (2BaQ-SiO,:12W0O 1.00 

Polyethylene glycol 

PEG oxygen atoms 18.3 

PEG ethoxyl groups 

PEG ether oxygen atom 14 

Water l 


@ Difference b« 


molecular weight was employed in each calculation, 
whereas manufacturing controls hold the mean 
molecular weights of the products to tolerances of 
only +5% of this value 

The complexes formed by the interaction of the 
polyglycols with barium silicotungstate bhecome 
less crystalline as the molecular weight of the poly- 
glycol increases. This observation is founded upon 
the appearance of these precipitates at the time of 
their formation, their ease or difficulty of filtration, 
ind their X-ray diffraction patterns that are dis 
cussed below. The amorphous nature of the com 
plexes involving the long chains might possibly 
be explained on the grounds that these chains cross 
link between adjacent inorganic constituents, build 
ing up on increasingly complex reticulum as chain 
length increases. This cross-linking should become 
quite perceptible when the polyglycol includes more 
than 18 oxygen atoms, or at a molecular weight of 
about 800, and the X-ray diffraction data do indeed 
show that above this value the degree of crystallinity 
is markedly reduced 

It is the authors’ belief that similar complexes 
with polyglycols lower than polyethylene glycol 200 
are formed, and that ethylene glycol itself reacts 
in some fashion. These reaction products, accord 
ing to this hypothesis, are not perceptible by the 
formation of precipitates and exist in solution in 
equilibrium with the hydrated barium silicotung- 
state. It seems probable that the greater number 
of hydroxyl groups in these complexes confers this 
property of water solubility, whereas the preponder- 
ance of ether linkages in the higher molecular weight 
polyglycols leads to water insolubility of the com- 
plexes containing them. Polyethylene glycols 200 
and 300 seem to be intermediate in this respect 
Under the conditions outlined above, the former 
precipitates only approximately one-tenth, and the 
latter approximately seven-tenths of the amount 
of barium silicotungstate precipitated by any of the 
higher members of the series. For this reason, 
blends containing any considerable amount of poly 
ethylene glycol 200 could be detected by reason of 
the small amount of barium silicotungstate pre 
cipitated by them 

X-Ray Diffraction. The solid complexes of barium 
silicotungstate with the polyglycols give X-ray dif- 
fraction patterns that are distinctly different from 
any of the reactants, namely, silicotungstic acid, the 
residue of ignited barium silicotungstate, or, in the 
case of the ‘“‘Carbowax"’ compounds, the polyglycol 


)TUNGSTATE COMPLEXES OF SOME POLYGLYCOLS 


Nominal Mean Molecular Weight of Polyglycol 

600 1000 1540 4000 6000 
1.00 1.00 1.00 1.00 
§.21 O4 4.97 5.12 5.01 
15 3.91 3.92 1.03 < 

06 03 1.05 1.09 

06 OS 0.05 0.09 


OO 
20 
86 
7.66 
47 
YU 
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itself These patterns are strongly crystalline in the 
case of the lower molecular weights such as poly 
ethylene glycols 400 and 600 (Fig. 2), but as the 
molecular weight of the polyglycol increases, there 
is a progressive decrease in the degree of crystallinity 
of the complex. In other words, the patterns show 
i progressive change in character as the molecular 


weight of the polyglycol component increases. This 
change consists of: (a) a decrease in the number of 


lines, (b) a decrease in the sharpness of the lines, and 
c) a change in the position of certain lines 

lable II summarizes the observations made upon 
the diffraction photographs. In all of these patterns 
one important line may be discerned that defines 
what is referred to as a “long spacing.” It is the 
authors’ opinion that this “long spacing”’ represents 
the perpendicular distance between planes of sym- 
metry having the maximum concentration of re 
fracting atoms. Kraus (7) has given X-ray dif 
fraction data upon barium silicotungstate having 
24 molecules of water of crystallization, and from 
this the most prominent lattice dimension can be 
calculated This value agrees closely with the 
mean value for the long spacings listed in Table II 
(exclusive of that for ‘‘Carbowax"’ compound 4000) 
It would appear, therefore, that these complexes 
are isomorphous with barium silicotungstate, each 
oxygen atom of the polyglycol replacing one mole- 
cule of water of crystallization. It is possible that 
the conditions under which the complex is precipi 
tated limit such replacement to 18 out of the 24 
water molecules, and the remaining 6 are partially 
driven off during the process of drying at 110°. In 
this connection it is of interest to note in Table I 
that the sum of the oxygen atoms and molecules of 
water for the “‘Carbowax”’ compound 6000 complex 
is almost 24, or 23.85 to be exact. 

Ultrafiltration of Polyglycols.—The results ob 
tained with the two types of cellophane membranes 
differed. The cellophane tubing exhibited a gradu- 
ally decreasing permeability with increasing mean 
molecular weight, commencing early in the series 
with polyethylene glycol (PEG) 300. Under the 
conditions of this experiment the percentages of the 
respective compounds that passed through the mem 
brane are as follows: PEG 200, 100%; PEG 300, 
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Fig. 2.—Monochromatic pinhole X-ray diffrac 
tion pattern of the barium silicotungstate complex 
of polyethylene glycol 400 (Flat Filin No. F98) 


95%; PEG 400, 97%; PEG 600, 91%; “‘Carbo 
wax” compound 1000, 80%; ‘‘Carbowax” com 
pound 1540, 57%; “Carbowax” compound 4000, 
43%; ‘“‘Carbowax”’ compound 6000, 24%; and 
‘Carbowax”’ compound 10,000, 20%. These per 
centages refer to only one sample of the polyglycol 
in question. Other samples may give slightly differ 
ent results, but the trend in the series is preserved 


’ 


Ell SUMMARY OF RESULTS OF X-RAY DIFFRACTION PHOTOGRAPHS OF THE BARIUM SILICOTUNGSTATI 
COMPLEXES OF VARIOUS POLYGLYCOLS 


Flat Powder Long Error 
Film Film Spacing Limit 


Sample No No A (A 


400 FOS P583 26.8 +) 8 
y 600 F107 P616 26.6 +) 8 


Carbowax” F106 P615 
compound 1000 


**Carbowax”’ 92 P58 
compound 1540 


**Carbowax”’ P602 
compound 4000 


“Carbowax” P6038 
compound 6000 


Nature of Powder Pattern 

Fair pattern of about a dozen lines 

Very similar to the pattern of PEG 400, but 
slightly more diffuse and does not show the 
fainter lines 

Pattern shows features transitional between 
those of the lower and higher molecular weight 
complexes. The most striking feature is the 
merging of two lines at 10.6 and 12.6 into one 
line at about 11.5 / 

Pattern is similar to that of ‘‘Carbowax"’ com 
pound 1000 but has fewer and somewhat more 
diffuse lines 

Pattern resembles that of ‘‘Carbowax”’’ com 
pound 1540 but has still fewer lines and is 
somewhat more diffuse 

Pattern is diffuse and shows only three lines 


Ee Te ete 
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Taste III 


Glycol 200 
Ethylene glycol, HO(CH,CH,O)H 1.36 
Diethylene glycol, HO(CH,CH,O),H 7.26 
rriethylene glycol, HO(CH,CH,0),H 16.07 
Tetraethylene glycol, HO(CH,CH,O),H 21.70 
Pentaethylene glycol, HO(CH,CH,O),H 20.83 
Hexaethylene glycol, HO(CH,CH,O)H 15.46 


Nore 


Carbon Chemicals ¢ 


The authors are indebted for these calculations to 
orporation, South Charleston, W. Va 


The Du Pont sheet cellophane No. 600 PT ex 
hibits the same type of graded response as the cello 
phane tubing with the significant exception that the 
diminution in permeability is observed only with 
compounds of mean molecular weight of 1540 and 
greater. Solutions of four different samples of 
Carbowax” compound 1000, different 
samples of “‘Carbowax"’ compound 1540 were fil 
tered through this particular type of membrane 
rhe former, with one exception passed through the 
membrane completely, while at least 10% or more 
of the latter retained. Under comparable 
conditions only 42°) of a sample of “‘Carbowax”’ 
compound 6000 filterable It concluded, 
therefore, that within certain limits the ultrafiltra 
tion technique is of value in detecting mixtures of 
polyglycols, one or more components of which are 
of high mean molecular weight 

Ethylene Glycol in Polyethylene Glycols 200 and 
400.—_In attempting to explain the variation in the 
amounts of barium silicotungstate precipitated by 
different batches of PEG 400, the possibility was 
considered that this circumstance was a result of a 
variable content of lower glycols, incompletely pie- 
cipitated by the method. In order to obtain some 
independent evidence for this supposition, the per 
centage of oxidized periodic acid, 
presumably ethylene glycol, determined in 
quadruplicate in 14 batches of polyethylene glycol 
400 which were available. These showed an aver- 
+ 0.062 ethylene glycol, with 
extremes of > and 0.09% Contrary 
pectations the values did not 
with the combining ratios with barium silicotung 
state determined for 

In the case of PEG 200, ethylene glycol was deter- 
rhe average of 
the 24 analyses was 0.195% with a standard devia 
tion of 0.024 
0.16% to 0.23% 


It is of interest t 


and six 


was 


was 1s 


substances by 


was 


age content of 0.117% 


0.33° to ex 


individual correlate 


those samples 


mined in duplicate in 12 samples 


Single determinations ranged from 


o compare these values for ethyl 
that be for 
Flory's considerations, since 
which the 


ene glycol with those calculated 


may 
these produc ts from 


this is the only individual instance in 


THEORETICAL PERCENTAGE OF LOWER GLYCOLS IN SOME POLYGLYCOLS 


Per Cent by Weight in 


Glycol 
400 
0.005 ws ~ 
0.069 x 10-3 x 
0.36 1074 2x 
34 107? ¢ x 
29 3 x 


10 > x 


Carbowax 
1000 


10 
10 
10 
10 
10 
10 


Polyethylene 
300 


0.093 
0.86 
3.29 
7.67 l 
12.70 ‘ 


16.26 


Compound 
1540 


600 
10 
10 
10 
10 
: 10 
6 10 


F. Hillenbrand, Jr.. Works Control Laboratory, Carbide and 


theory can specifically be tested. Reference to the 
data in Table III will show that the actual amount 
of ethylene glycol present is low compared to the 
thecretical in the case of PEG 200, but high for 
PEG 400. It must be pointed out, however, that 
there is no assurance that the conditions required 
for the calculation have been fulfilled in the manu- 
facture of any of the individual products tested 
Since these particular analyses were performed a 
special grade of PEG 400 has become commercially 
ivailable in which the amount of ethylene and di 
ethylene glycol combined is held to a low level 


SUMMARY AND CONCLUSIONS 


Certain chemical and physical data are fur 
nished on a series of polyglycols commencing 
with polyethylene glycol 200 and ending with 
“Carbowax” compound 10,000. Some of these 
compounds are distinguished by their precipit- 
ability by barium silicotungstate, and most of 
them exhibit an inverse relationship between 
and 
X-ray 


the polyglycol-barium silicotungstate complex are 


ultrafilterability molecular weight 


diffraction 


mean 


Chemical and studies of 


presented, and a hypothesis as to its structure is 


advanced. Information is given on the presence 


of ethylene glycol in two polyglycols, and a com 
parison is made of these values with those cal 
culated according to Flory’s theory 
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The Toxicology of the Polyethylene Glycols* 


By HENRY F. SMYTH, JR., CHARLES P. CARPENTER, and CARROL S. WEIL 


Information developed during recent years 
upon the toxicological actions of the fluid 
and solid polyethylene glycols is summarized. 
This information has been re-interpreted and 
supplemented. Evidence presented in this 
report confirms the earlier work indicating 
that acute oral toxicity, dermal toxicity, and 
irritating properties of the polyethylene 
glycols are very low. The safe rat dose of 
“Carbowax” 1500 is now known to be 
substantially greater than originally re- 
ported, and of “Carbowax” 4000, slightly 
greater. 


OPICAL applications of polyethylene glycols 
are increasing rapidly and preparations in 
volving internal dosage are receiving attention. 
Information from this laboratory upon the 
toxicological and physiological actions of the 
fluid and solid polyethylene glycols has appeared 
in several journals over a period of years (1-8). 
The present article and its companions (11, 12) 
have been prepared to collect and summarize 
all of these data in one place and to add supple- 
mental facts not previously published. 
Polyethylene glycols 200, 300, 400, and 600 are 
fluids, “‘Carbowax” compounds 1000, 1540, 4000, 
6000, and 10,000 are solids of increasing firmness, 
and ‘‘Carbowax’’ compound 1500 is a solid con- 
sisting of a blend of “‘Carbowax’”’ compound 1540 
and polyethylene glycol 300 in substantially equal 
weights. The number gives the approximate 
average molecular weight of the polyethylene 
glycols in the particular product. Reference 
will be made to single compounds in abbreviated 
form, for example PEG 400 and “Carbowax” 
4000 
The general chemical formula representing 
any member of the series may be written in a 
variety of ways. One form is shown below: 


HOCH,CH,2(OCH,CH.),OH 


Here n is one less than the number of ethylene 
oxide units employed in building the molecule 
and diethylene glycol is the lowest member of 
the series. At one point in this paper it is con 
venient to consider ethylene glycol to be the 
lowest member 


* Received December 10, 1949, from the Mellon Institute 
of Industrial Research, Pittsburgh, Pa 


ACUTE ORAL TOXICITY 


Acute oral toxicity was estimated upon male 
albino rats weighing 90 to 120 Gm. when dosed. 
Rats of the Wistar strain were used through 1945, 
while since that time Sherman strain animals from 
Rockland Farms have been the subjects. The 
two strains have shown identical resistance to some 
materials. Guinea pigs were of mixed sexes weigh- 
ing from 200 to 300 Gm., from a variety of sources. 
Rabbits were male albino New Zealand giants 
weighing 2 to 3 Kg. Both Purina and Rockland 
Farms laboratory diets have been fed 

Compounds were administered by stomach tube 
as approximately 50% solutions in water, 1 ml. 
containing 0.50 Gm., except that PEG 200, 300, 
and 400 were administered undiluted to rabbits. 
The animals were not fasted before dosing. All 
species were observed for fourteen days following the 
dose 

Table I lists the oral L Dy values for all samples of 
polyethylene glycols tested to the present, identified 
by the year in which they were manufactured. 
About half of the values were previously published. 
It is evident from the data that the LDy» values on 
different samples of one product varied in a numeri- 
cal sense, but in general the variation is no greater 
than the range of uncertainty in the method of de- 
termination. 

There is shown a clear tendency for a slight de- 
crease in acute toxicity with large increases in 
molecular weight. Data upon intestinal absorption 
(6) make it illogical to believe that the high molecu- 
lar weight polyglycol molecules are absorbed from 
the digestive tract in sufficient numbers to kill ani 
mals in acute toxicity tests. It seems probable 
that some more diffusible molecules present in the 
commercial products are responsible. So far no 
method has successfully isolated, removed, or identi- 
fied the hypothetical product 

Rats which are victims of large single doses of 
polyethylene glycols of any molecular weight yet 
tested, die with renal lesions similar to those result- 
ing from smaller amounts of ethylene and diethylene 
glycols. Cloudy swelling of liver parenchyma is also 
found. With ‘“Carbowax’’ 1500, 1540, and 4000 
there are no victims at dosages of 32 Gm./Kg. or 
less. After dosages of 20 Gm./Kg. or less of these 
three compounds, rats have microscopically normal 
livers and kidneys at two, seven, and fourteen days. 
After higher dosages a portion of the survivors have 
renal and hepatic cloudy swelling, most prominent 
at seven days, and the remainder of the rats are 
normal (2) 

Among rabbits given 50 Gm./Kg. of ‘‘Carbowax”’ 
4000 the blood urea level of victims rose to about 
four times normal, and that of survivors either rose 
to about twice normal and then fell, or more often 
was not affected (2) 
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An additional ninety-day dosage was 
conducted on 1947 production of ‘“‘Carbowax’’ 4000 
In this hitherto unpublished experiment the highest 
dosage fed, 2.5% in the diet, equivalent to about 1.6 
Gm./Kg. per day, did not reduce growth or produce 
iny renal or other pathology rhis finding is in 
marked conflict with results on 1941 production 
and indicates that current output is less toxic chron 
ically than that of earlier years. At the same tim 
1947 production of “Carbowax” 1540 and later 1949 
production of “Carbowax” 10,000 studied 
with the same result; 2.5% in the diet was without 
effect on the rats as evidenced by food eaten, weight 
gain, weight and pathology of liver and kidney 

In 1947 we published the results of two-year oral 
doses to rats of 1941 production of 
1500 and 4000 (7 
life span, fertility, 
cytology were normal 


series 


were 


‘Carbowax 
In that study of low dosages, 
micropathology, and blood 

The only effect was a 9% 
retardation of growth in body weight at higher levels, 
0.059 Gm. of “Carbowax” 1500 and 0.017 Gm. of 
“Carbowax” 4000 per Kg. per day being the great 
est intakes which allowed growth equal to that of 
control rats, 

In the two-year study only one rat of the first 
filial generation survived to one year of age in the 
group receiving no dose whatever 


It seemed im- 
portant to consider the generations separately and 
one rat in a group was too few to justify a compari 


Accordingly 
by 


son a synthetic control group was 
combining the observations rats 


with those 


formed on 
the 


dosage of each of the two “‘Carbowax” compounds 


receiving no doses receiving least 
It was in comparison with the growth of the syn 
thetic control group that growth of rats receiving 
We now believe that 


synthetic control group was un 


greater dosages was retarded 
the of this 
warranted and misleading 
ment have 


us 
The data of the experi 
reconsidered by comparing the 
weights of dosed rats with only undosed controls 


been 


ind the results of the comparison are discussed be 
low 

rable II differences between 
weights of dosed and control rats, weight being con 
sidered from several points of view A footnote in 
the table marks entries where the difference is 
statistically significant by the familiar “‘t’’ test, 
using 0.05 as the fiducial limit. It is only in the 
maximum weight attained by females receiving the 
three lower dosages of Carbowax” 1500 that 
differences from the controls statistically valid, 


shows the iverage 


ire 


PaB.e Il WeIcut oF Rats DuRING 


mpound 
arb 


wax 
Criterion Examined 
it 380 days of 
gain 40 to 
gt 
wt 
ige 
Max. wt 
Max. wt 
males 


Wt 
Wt 


ize 
380 days of 


Av 
of 


from 40 to 380 days 


ittained by males 
attained by te 


Tabular entries 
tion Coefficient 
“tatistical ¢ 


IP'wo-YEAR ORAL DOSES OF 


Administered 
Loh 


give difference between treated and untreated rats in the particular criterion examined 
is shown the correlation between dosage and weight for all groups 
valuation shows difference from control is beyond fiducial limits of 


ind the difference at the greatest dosage is not valid 
In a study involving response to graded dosages, 
judgment dictates that we reject a statistically sig- 
nificant adverse difference from the control at some 
intermediate dosage if it is not confirmed by a simi 
larly significant adverse difference at a higher dosage 
We explain the occurrence of such “‘skips’’ by the 
hypothesis that here may have the 1 in 20 oc 
currence of random variation which is not eliminated 
by the “‘t’’ test with a fiducial limit of 0.05. Usually 
such “‘skips’’ vanish if we our fiducial limit 
to 0.01 In the study of this weight data 200 “t”’ 
tests were performed, only 40 being tabulated in 
lable I Nine of classified “skips” 
not confirmed by similar adverse results at higher 
dosages or by similar stimulation at lower dosages. 
rhe ratio is 0.045, almost precisely the proportion 
of excessive random variations which our fiducial 
limit of 0.05 would be expected not to exclude 
We regard this frequency of ‘‘skips”’ as justification 
for judgment in disregarding them. 
Accordingly the suggestion from maximum weight 
attained by females is disregarded, 


we 
change 
them 


are as 


following 


In most instances the weight differences given in 
Table of effect associated with the 
dosage correlation 


Il suggest trend 
Negative coefficients between 
shown in ¥ of the 


coefficient 


dosage and weight 10 cases 
tested rhree 


statistically 


ure 

ire large enough to be 
Che positive coeffi- 
ilso significant, but we would not wish to 
; the unlikely hypothesis that 
1500 a female rat eats the 
here is no doubt that 


4000 had some influence on the weight 
1 


significant one 


crent ts 
claim that this prove 
the more 
heavier the 
Carbowax” 
of the rats, and at some dosage higher than those fed 
this influence growing sig 
nificantly less than The correla 
tion coefficients the corresponding ‘‘p”’ 
values are not far from the fiducial limit 
no basis, we feel, for 
revealing injury from 
which was not reve 
ige levels 

We believe that th« 
graded dosages by 


Carbowax’ 


rat will be 


would 
the 


ire low and 


produce rats 


control rats 
There is 
regarding the correlation as 
Carbowax" 
iled by the “‘t 


compounds 
"test on single dos 


tudy of the results of feeding 
the « of correlation 
idd materially to the value of 
toxicological experiments. It will confirm and evalu 
ite trends evident on simple inspection of the data 
But quantitative 


ilculation 
coefficients does not 


toxicology is concerned with de 
termining the maximum harmless dosage It 
elf-evident fact that 


is a 


ome high dosage will injure 


CARBOWAX" CoMPOUNDS* 


and = Percentage 


Water 
4000 


Drinking 
arbowax 
Correla 
tion 
oethcent 


Correla 
tion 
0.005 0.00125 Coefficient 


+15 —O: 


0 02 ¢ 
+76 7° 


32 


9 +19 


Li 


-0. 38° 
-0. 39° 


— 
roo 


as + 15 —) 


10 


Under “‘Correla 


receiving the same compound 
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and we feel that the confirmation of a trend by a 
coefficient is redundant No matter 
correlation in a series of dosages, it 


correlation 
how good the 
does not alter the importance of the fact that on 
particular dosage did or did not cause a difference 
from the controls greater than would be expected 
from random caus« 

We have now denied our published statement (7 
Dw 


Han) 


that 0.27 Gm./Kg. per day of “Carbowax 
and 0.062 Gm./Kg. per day of “Carbowax” 
a two-year period reduced the growth of rats, 
that we found no injury from the 


1.69 and 0.062 Gm./Kg. per 


ovetT 
and we conclude 
highest dosages fed, 
day, respectively There are clear indications that 
at some level, possibly not greatly above these dos 
would have resulted 


iltered conclusions 


ages, a decrease in growth 
It remains to inquire whether the 
materially change the picture of the chronic toxicity 
of the two “Carbowax” compounds 

The 1942 paper (2) gave results of ninety-day 
oral doses to rats. ‘“‘Carbowax”’ 1500 at 4.05Gm 
Kg. per day produced minor reversible kidney pathol 
ogy in some rats but at 1.50 and lower kidneys were 
normal The conclusions on two-year doses 
hold that 1.69 Gm 
The two figures ar 
1947 paper (7 
the safe rat dose The 
is 20 times as great 


new 
Kg. per day did not injure rats 

mutually confirmatory. The 
Kg per day as 
newly defined safe rat dos 
ufficiently different 
safety of 


particular proposed human applications of ‘Carbo 


sugge sted 0.069 Gm 


This is 
materially to change judgments of the 
wax” 1500. 


In ninety-day dos Carbowax" 4000 was re 


ported (2) to cause minor kidney pathology in all 
23 Gm./Kg. per day and in some 
Current interpretation of the two-year doses 
is that 0.062 Gm./Kg. per day did not injure rats, 
which is consistent with the ninety-day conclusions 
It therefore appears that the safe rat dose of ‘Carbo 
4000 is at least 0.06 Gm./Kg 


rats at 0 rats at 


0.08 


wax” per day, about 


times the previously published value (7 


doubtful if thi 


three 
change will materially 
' 


proposed 


It appears 
judgments of the ifety of ipplica 
O00) 


ilter 
tions of “Carbowax 

A complicating factor 1 
ibove, that 1947 production 
toxicity than 


indication, men 
tioned a few paragraph 
of “Carbowax” 4000 has I chron 
the 1941 material 
results on 1949 “Carbowax” 10,000 tend to « 


} 


studied in most detail The 
ontirm 


indications of low toxicity and prove there is no 


toxicity 


lera 


trend to greater ubacuts with greater 


ble doubt is 
a irbo 
rot 


compounds which used 1941 product Im 


molecular weight Thus consi 


cast upon the results of two-year doses of 
wax 
provement in product is not 


larger production 


unusual as chemicals 


grow into 
PARENTERAL TOXICITY 


The LD lu several ‘“‘Carbowax'"’ com 


by intraperitoneal injection im rats were 
1947 


batch of ‘Carbowax hoon) w 


pounds 
Since that time a second 
found to check the 
order of magnitude of the toxicity of the first batch 
10.000 id PEG 300 have 


olutions in 


published in 


ind both “Carbowax 
in this way Fifty per cent 


terilized by steam pressure and 


been tester 
water were were 
into male rat 


Survivor wel ob 


injected mtraperitoneally weighing 


> 


ow to |! ( erved for 
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fourteen days, although 80% of the deaths occurred 
within thirty hours of injection. After fourteen 
days it was shown analytically that no “Carbowax” 
4000 remained in the peritoneal cavity. The values 
are listed in Table III 


TaBLe III PARENTERAL TOXICITY 


Year 

Pre Rat Intraperitoneal LD. 
duced Gm_/K 

1046 0(15.6 

1945 » 6012.8 

1940 7 (15.3 


l 
l 
l 
1940 15.4(138 
l 
l 


Compound 
PEG 300 
‘Carbowax"’ 
“Carbowax” 
“Carbowax 
“Carbowax 
“Carbowax” 
“Carbowax” 
“Carbowax” 


1000 
1500 7 
1540 
$000 
4000 


6009 


1940 1.6¢(9 
1946 o¢10 
1941 6 


10.000 1049 12 


All the compounds manifested a low order of intra 
peritoneal toxicity. The value for ‘“‘Carbowax’”’ 
10,000 has such a high uncertainty that it is of little 
use. It is of interest that by this route toxicity 
increases with increasing molecular weight if we 
do not consider the doubtful final entry, the reverse 
of the relation found with oral doses. This observa 
tion suggests that the low order of oral toxicity is 
partly due to poor absorption of larger molecules 

In 1941 we estimated rat intravenous LDsy values 
for “Carbowax” 1500 and 4000. Injections of 20% 
solutions in saline were made rapidly, into the tail 
Rats died promptly, and LD» values were 
Kg., respectively Control 
rats given saline proved that large volumes 
were not a sufficient insult to account for fatalities 


vein 
close to 8.5 and 7.5 Gm 


alone 


The results were never published because precipitate 
injection was judged to be a poor criterion of tox 
icity 

Later work (7 
concentrated solutions of 
will clump the cellular elements of rabbit, dog, or 
human blood clumps were 
in the blood of rabbits that died from 20% solutions 
given in the ear Accordingly, it 
cluded that the rapid intravenous injections of 1941 


showed that im vitro 10% or more 


Carbowax’ compounds 


Microscopically seen 


vein was con 


had caused rats to die of thrombosis 


All compound listed in Table I exce pt Carbo 
given by ear vein to two male 
10 Gm./Kg. (7 
tion was made by machine at the rate of 2.5 ml. of 
volume in 
umount 


wax” 10,000 were 


rabbits each at a level of Injec 
5% sterile 
jected approximately 500 
greater than the total blood volume of the 
All rabbits survived fourteen days in good health 
most of them gained weight, and the only micro 


solution per minute Phe 
was ml., an 


animal 


scopic evidence of effect found was cloudy swelling 
of the 
of thos« 
Similar effects are 
venous injections of any innocuous fluid 


renal tubular epithelium in one rabbit each 
Carbowax” 4000 and 6000 
regularly seen from large intra 
During 
the injections blood levels of 5 to 10 mg. ‘“‘Carho 
obtained and urine 


receiving 


wax” per ml. wert concentra 


tions is 90 mg. /ml. were found 
rhe same compounds were given to group 
rabbits by vein at a 


dosage 1 Gm. per rt 


of five 


injection into the ear 
hI} 


sept 
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times a week for five weeks (7). The dosage aver- 
aged 350 mg./Kg. per day. Three out of a total of 
45 animals died from the doses, one each from PEG 
400, and “‘Carbowax”’ 4000 and 6000. Six other 
rabbits died from infections judged to be irrelevant 
to the injections. Twenty-nine of the 34 that did 
not die gained weight during the experiment. Blood 
urea levels were not elevated except in the three 
which died from the No pathology more 
severe than cloudy swelling of renal tubular epi- 
thelium and hepatic parenchyma was seen, and these 
effects were evident in only 9 of the 45 rabbits, dis 
tributed among all the eight compounds tested 

It is evident that the intravenous toxicity of di 
lute solutions of polyethylene glycols is low 


doses 


SKIN PENETRATION TOXICITY 


The doses required to kill animals by penetration 
through the skin are so large that estimates of acute 
toxicity by this route are impossible. We have 
already reported (3) that in the twenty-four-hour 
cuff test 20 ml./Kg. of PEG 200 killed one of six 
rabbits within fourteen days while PEG 300 and 400 
killed none of six. A 1948 sample of PEG 300 at 
this dosage killed one of ten rabbits. We are unable 
to keep larger single doses in contact with the 
rabbit skin by this method. 

Subacute inunction applications of PEG 200, 300, 
and 400 were made upon rabbits five days a week for 
eighteen weeks (3) at a level of 2 ml./Kg. per day 
without fatalities. Body weight, blood urea, and 
icteric index of treated rabbits did not differ from 
those of control animals of the same age. We have 
applied ‘‘Carbowax”’ 1500 and 4000 to rabbits only 
by poulticed applications (2). Doses of 10Gm./Kg 
held on the skin for five days a week over a period 
of thirteen weeks resulted in no fatality and blood 
urea values were not affected. White petrolatum 
was similarly applied to control animals. ‘‘Carbo 
4000 produced less skin irritation than did 
Carbowax" 1500 


wax" 
petrolatum and 
whatever 
Luduena and associates (9) applied PEG 200 and 
100 and “Carbowax” 1500 and 4000 to mature 
mongrel rabbits by inunction six days a week for 
five weeks. They obtained increases in blood urea, 
kidney injury, and fatalities among animals eating 
an incomplete diet that consisted of rolled barley, 
at dosage levels of i or 2 Gm./Kg., and considerably 
less injury upon a more complete diet of ‘‘Purina 
Rabbit Chow Complete Ration.”’ There 
control rabbits to allow judgment as to mortality or 
kidney effects of the deficient diet 
cordingly the significance of their observations can 


caused none 


were no 


alone and ac 


not be evaluated 


PRIMARY IRRITATION 


Primary irritation was not evident in the applica 
tions to rabbit skin above. On the 
mucous membrane of the rabbit eyelid 20% solu 
tions of PEG 200, 300, and 400 gave capillary injec 
tion closely comparable to that from 10% glycerin 
U. S. P. 3 “Carbowax” 4000 in 10% solution 
was equivalent to 2% glycerin on this 
There was no corneal injury from any of the com 


discussed 


site (2 


pounds discussed here when tested on the rabbit 


eve } 
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SKIN SENSITIZATION 


In 1946 intracutaneous guinea pig sensitization 
tests were performed, following the technique de- 
scribed by Draize (10) except that 8 instead of 10 in- 
jections were given and three weeks were allowed for 
development of sensitivity instead of two. There 
were 13 to 16 guinea pigs used for each compound. 
No sensitizations were obtained with PEG 200 and 
300. PEG 400 caused some degree of sensitization 
response in 62% of the animals, the worst reaction 
being an area of edema less than 1 mm. in diameter. 
“Carbowax” 1500 and 4000 caused 77% and 74% 
sensitization responses, respectively, the worst re- 
action in each case being necrosis less than 1 mm. 
in diameter. It has been our experience that this 
guinea-pig intracutaneous sensitization test agrees 
with the results of human dermal contact in about 
one-fourth of the instances where we can compare 
the two, the intracutaneous test producing response 
with all human sensitizers and with twice as many 
compounds which very seldom sensitize any human 
skin 

In 1949 human patch tests were performed for us 
by a dermatologist on current production of PEG 
400 and ‘“‘Carbowax’’ 4000. No reactions of any 
kind were obtained on the group of 100 male and 
100 female subjects. We reported earlier (2) that 
1940 production of Carbowax" 1500 and 4000 had 
produced 3 and 4 sensitization reactions, respec- 
tively, consisting of faint erythema, when we patch 
tested 100 male subjects. A similar frequency of 
response was elicited by lanolin, petrolatum, simple 
cerate, and simple ointment. At about the same 
time PEG 200, 300, and 400 were applied to 23 
subjects and similar mild sensitization reactions were 


obtained on 22, 9, and 4% (3) 


DISCUSSION 


Carbowax" compounds of molecular weights 
1000 have been found not to be absorbed 
from the gastrointestinal tract of the rat (6). The 
inalytical means used in arriving at this conclusion 
of detecting only polyethylene glycol 
give information about the 
hypothetical by-products formed 
during manufacture Two-year oral doses to rats 
of 1941 “Carbowax"’ 4000 indicate a safe dose un 
reasonably small for a compound of extremely low 
acute toxicity which is not absorbed from the di- 
gestive tract. On this basis we feel that there was a 
diffusible by-product present in the 1941 product, 
but there is no proof of the hypothesis. 

Ninety-day oral doses to rats of 1947 production of 

Carbowax"’ 4000 show a much lower toxicity than 
did ninety-day doses of the 1941 product. This 
observation leads us to believe that improvement 
in manufacture may have reduced the amount of the 
hypothetical by-product until it is of little sig- 
nificance No long-time feeding tests which might 
confirm the belief have been performed, but ninety 
day doses of ‘‘Carbowax"’ 10,000 lend support 

It is clear that the acute oral and dermal toxicity 
and irritating powers of polyethylene glycols are 
very low Parenteral toxicity is of more concern 
because of the power of some of the compounds in 
high concentration to cause clumping of cellular 
elements of the blood 


ibove 


ire capable 
molecules and cannot 
absorption of 
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SUMMARY 


Previously published data on the toxicity of slightly increasing that of ‘‘Carbowax’’ 4000) 
polyethylene glycols are discussed and slightly The new values are, respectively, 1.5 and 0.06 
extended. A re-interpretation of two-year doses Gm./Kg. per day, but subacute doses of current 
of 1941 production results in materially increasing production indicate without defining consider 
the safe rat dose of “Carbowax” 1500 and _ ably greater safe rat doses 
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Comparison of Analgetic Activity of 67 
Arylalkamines with That of Morphine 
and Meperidine by the Mouse 
Hot Plate Method*? 


By HARALD G. O. HOLCK, KAZUO K. KIMURA, and T. EUGENE KIMURAT 


A total of 67 arylalkamines have been com- 
pared with morphine and meperidine activity ae. 
by the hot plate method using mice. Out of Phe method is essentially that of Woolfe and 
the total number of arylalkamines investi- MacDonald (5) 
gated only iso-1,2-diphenylethanolamine hy- 
drochloride produced a fair degree of de- 
pression to pain. Slight action was demon- idea of the dose which would prove fatal, to de 
strable with five of the others. 


which tests are described in detai) in this paper 


Phe purposes of our study were to secure some 


termine the major toxic symptoms, and to ascer 
tain whether or not anv analgesia could be pro 
duced by doses well below those in the fatal 


pone to the reports of Dodds, Lawson, and range 
Wilhams 


}) concerning the analgesia pro 
duced b r,3-diphenyl vVlamine and = struc METHOD 


turally mpount the synthesis of a Male albino Swiss mice of uniform stock,' weigh 
seTIES liph min was already under ing 24-35 Gm. were used unless otherwise specified 
wal 4). for th De f testing these com no mouse was used more than once rhe drugs 
nounds as ; ; awents. It now seemed were injected in aqueous solution under the skin of 
the back just anterior to the tail. We usually 
started with 55.4 mg./Kg. of body weight, increasing 
the dose in several steps of 100°) each time so as to 
unalyetic activity uscertain quickly the toxic and fatal dosage levels 

In subsequent testing we tried various dosage level 


desirable to ! tudy of the pharma 


related compounds 


in between some of those first employed or, in some 


ent ¢ 


Un cases, below the 55.4 mg./Kg. dose, using 15°) dos 
aa ige increases. No special provision was made for 


control of room temperature which varied between 
partment 2° and 28°, largely according to season 
‘ Pharmacy 
University of ‘ ‘ ry ireo and Co 
Kansas City 
Phe author 


ipply 





ScreNTIFIC EDITION 


The evaluation of the analgetic action of thes« 
unines was made by using heat as the stimulus 
he apparatus was similar to that used by Woolfc 
ind MacDonald (5 A 15-cm. Fisher “‘Autemp 
electric heating plate was used with a 170-ohm slide 
wire rheostat in series. A hollow celluloid cylinder 
enclosed the plate so that the mouse could be put on 
the plate and kept there until removed by hand. A 
copper tube was built into the top of the plate for 
insertion of a thermometer; all tests were made at a 


‘ 
~ 


References 


None 
None 
None 
Non 


plate temperature of 60 A stop watch was started 
when a mouse was gently dropped on the plate and 
stopped when it kicked its hind legs, started to lick 
the hind paws, or attempted to jump out of the 


nvul 


nt con 


ES 


restraining cylinder Because normal mice often 


and rolling on 


violent co 


sit up and groom their front paws, which grooming 
might be mistaken for action of discomfort, we used 
only the movements of the hind limbs as our crite 

rion. Several control readings were made before 
injecting any drug ro avoid any permanent dam 
ige to the feet, a mouse which did not respond to the 
heat stimulus in thirty seconds was removed. Each 


7 ARYLALKAMIN 
tremors 
inject! 
tre! 


Oe 
at 


mouse was tested every ten minutes until either we 
were certain that the compound in question pos 


eschars 
i 


NESS OF 


sessed no analgetic properties, or, if analgetic action 
ippeared, until it disappeared, which was usually 
within ninety to one hundred and twenty minutes 
The experimental results have been summarized in 
rable I 

So as to show the various aspects of the degrees 
of analgetic actions more clearly we have tabulated 
the results obtained with three selected arylalka 
mines for comparison with those exhibited by mor 
phine and meperidine in Table II 


vulsions 
Slight depression with lower, increased re 


flexes and violent convulsions with higher 


Severe twitchings, dyspnea, 


Dorsiflexion of tail 
Dorsiflexion of tail 


EFFECTIVE 
Tremors 


rl 
999 
1170 
356 


,ALGE 


\ 
1344 


ND 


DISCUSSION 


Che highly abbreviated descriptions of the toxic 
symptoms shown by the drugs studied here seem suf 


(11 


x 

+S 

| 

< > 
= 

= 

= 

\Q 


ficient in this type of screening tests. As may be seen 
from the results, the most effective of the new drugs, 


Poxtcrry, 
— 


1344 


iso-1,2-diphenylethanolamine, the one previously re 
ported active by Woolfe and Mac Donald, was notona 
par in analgetic activity with either meperidine, nor 


1% 8&6} 


the still more potent morphine (see Table I1). Appar 
ently, our stock of mice was more sensitive to meperi- 
dine than that studied by Woolfe and MacDonald 
>), though not to antipyrine None of the remain 
ing 66 arylalkamines approached closely the anal 
getic potency of iso-1,2-diphenylethanolamine. An 
extensive series of aralkylamines was studied in the 
it by Fellows and Ullyot (6 The reader is re 
ferred totheirreport. From the results of tests upon 
papaverine, antipyrine, aminopyrine, and sodium 
salicylate, respectively, it will be noted that none of 


OMPARATIVE 


( 


FORMULAS 

mal 

»(normal 
Amino(tso 


Amino(iso 


Amino(nor 


these produced any appreciable analgetic effect as 
judged by this method 

rhe time limit of thirty seconds is arbitrarily 
chosen to indicate a significant degree of analgetic 
potency and partly to prevent injury to the feet of 
the maiice By the method illustrated in Table II, 
one may readily compare new drugs with meperidine, 
ind morphine by the hot plate technique. In the 
present case, one may also note that the more potent 
drugs reach maximum activity more rapidly than the 


phenyl 


3,4-Dimethoxy 


Phenyl 
p-Methoxy 
p Methoxy 


less powerful ones. For quantitative comparison 


3,4-Dimeth 


p Methoxy 
p Methoxy 


Phenyl 
Pheny! 


may, by choosing the optimum analgetic dos« 
tudying a sufficient number of mice, calculats 


rage number of times the mice remained on 


B-2 
B-1 
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rasie Il.—Typicat EXAMpLes or ANALGETIC ACTIVITY AS TESTED BY THE Hot PLATE METHOD IN ALBINO 
MICE 
Reaction Time* 
Minutes after Injection 

Name of Drug MM 60 70 R80 90 100 110 120 
Morphine Sulfate ‘ f ; K 30 30 19 24 18 18 12 12 
3 30 27 2 19 15 15 12 12 
7 we & 7 9 

18 1 a 
S 7 3 

6 ) 


Meperidine Hydrochloride 


B-7 Iso-1,2-diphenylethan 
olamine Hydrochloride 


B-45 N-methyl-1-p-meth 

oxyphenyl-2-phenylethyl 

imine Hydrochloride 

The reaction time was taken in seconds every ten minutes Unless the mice showed signs of pain they were removed from 
the hot plate after thirty seconds The temperature of the plate was 60 


the hot plate for thirty seconds and its standard error son, to make the comparison with a specified subop 
In case of the more feebly acting substances, it timal dose of morphine or meperidine or with a 
would be necessary either to adopt a limit lower than weaker analgetic than either of these, or to use a 
thirty seconds, say twenty or fifteen seconds (see lower hot plate temperature, say 50°, instead of 
rable II), and then, of course, apply the same limit 60°; a combination of these modifications may also 
to morphine or whichever drug is used for compari be employed 


SUMMARY 


Of 67 arylalkamines compared with morphine — nde, N-methyl-1,2-di-(p-anisyl)ethylamine hydro 
and meperidine activity by the hot plate method — chloride, 1-p-methoxyphenyl-2-phenylethylmeth 
in mice only iso-1,2-diphenylethanolamine hydro vlamine hydrochloride, a-N-piperidyldesoxyvanis 


chloride produced a fair depression to pain. oin hydrochloride 1,1-diphenyl-2-aminobutanol 
Slight action was demonstrable with 8-morpho hydrochloride, and 1-phenyl-1-8-naphthyl-2-am 
linoethyl-1,2-diphenylethylamine  dihydrochlo- —inoethanol hydrochloride 
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A Note on the Diet and Care of Cats in the Laboratory* 
By JOHN F. FRICK and LLOYD C. MILLER 


ko care of domestic cats in the laboratory has 
presented difficult problems Regardless of 
their previous environment, many cats react to con 
finement under laboratory conditions by refusing 
food Unfortunately, this frequently reaches the 
point that the animal's life is endangered by actual 
inanition or by disease brought on by the self-im 
posed starvation rherefore, it appears worthy of 
reporting on a ration which is relatively inexpensive 
and generally available commercially, for which cats 
show a spontaneous liking almost without exception 
rhe ration consists of a mixture of Carno,' a product 
containing a high content of animal protein and fat, 
and Kasco,? a dry, commercial food for 
Carno, which is sold in cans ready for use, is semi- 
solid and apparently for this reason lacks somewhat 
in appeal to cats. The addition of enough Kasco 


dogs 


* Received p 20 
Research Ir ute, Res 
t Present Director of Revision 
Phar macopeia ew York City 
Carno—A preparation made from poultry by-products 
Packed by C wanson and Son, Omaha, Nebr We are 
indebted to Mark L. Morri D.V.M., Raritan, N. J., for 
calling our attention to th product 
* Kasco Dog R n— Kas Mill n tly, N. ¥ 


1950, from the Sterling-Winthrop 
elaer V 


United States 


to make a mixture stiff enough to hold its form ina 
food pan appears to increase its palatability a great 
deal. Cats have been maintained in this laboratory 
on a daily ration of 100 to 150 Gm. of this mixture 
for several months in perfect health and without 
any supplementation with fresh milk 

It has been noted that under this dietary regime, 
the excreta give off much less odor. With the cats 
housed in individual cages having floors of hardware 
cloth and pans beneath, the use of bagasse* in the 
pans for catching the excreta has materially simpli 
fied the problem of routine care. It is highly ab 
sorbent and may be disposed of easily. The entire 
cages are sterilized in steam once a week. The over 
all result is a significant reduction in the cost of care 
and an improvement in the cats’ health and useful 
ness. The latter is an important advantage from the 
standpoint of their suitability for long-term experi- 
ments 

Because of the practical and humanitarian aspects 
involved, it seems appropriate to take this means of 
making known this favorable experience. 


*Staz-Dry is a commercially available form of bagasse 
obtainable at most stores carrying poultry and feed supplies 


Absence of Toxic Effects from Single Injections of 
Crystalline Vitamin Bi2* 


By CHARLES A. WINTER and CHARLES W. MUSHETT 


cute toxicity of 
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studies of the 
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death in 
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Crystalline 
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mg./Kg 
toxic 


administered Vitamin By, 
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doses of SOO and 


addition, the 


In no instances were there any deaths, or 
Some of the 
sacrificed for pathological study forty-eight hours 
after injection, while others were observed for a week 
following treatment Individual 
were kept on the latter animals; 
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TaBLe I.—ABSENCE OF Toxic EFFECTS IN ALBINO 
MICE FROM SINGLE INJECTIONS OF LaRGE DosEs 
oF CRYSTALLINE VITAMIN Bi 


Mortality Av. Body 

Dose, Weight, Gm 
Mg./Kg Initial 1 Week 
100 i. p 20.3 25.1 
200 1 24.8 
400 i. p 20.5 25.0 
1600 1 p 
1 
1 


p 20.5 


SUU Vv 

1600 Vv 

Uninjected 
controls 


Since the largest doses employed by us are more 
than 500 times as great as those of the By concen- 
trate used by Traina, it appears that the toxic mani- 
festations which he observed were probably due 
either to toxic impurities in the preparation which he 
used, or to contamination of the sample. It is clear 
from our results that crystalline vitamin B, is essen- 
tially a nontoxic substance 

Results of the pharmacological study of vitamin 
By, including acute and chronic toxicity, will be 
published in detail at a later date 
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A Note Concerning the Incompatibility of Vitamin Bw and 
Ascorbic Acid* 


By N. R. TRENNER, R. P. BUHS, F. A. BACHER, and W. ¢ 


ls A preliminary note, one of us reported some 
observations in connection with the incompati 
bility of vitamin By-ascorbic acid mixtures (1 
Subsequent investigations of this compatibility 
problem have resulted in the discovery of a number 
of additional facts of considerable practical signifi 
cance which we feel it important to report at this 
time. 

The existence of a second biologically active, 
chemically distinct analog of vitamin By, has been 
described by Kaczka, Wolf, and Folkers (2). This 
substance was designated by these investigators as 
vitamin Bys. The existence of vitamin Bya and 
other possible analogs appears to have consider 
able significance in connection with the compati 
bility of certain vitamin By» concentrates and ascor 
bic acid 

We have now found that aqueous solutions of 
highly purified crystalline vitamin By preparations 
show a much higher degree of stability in the pres 
ence of pure ascorbic acid than previously reported. 
Thus aqueous solutions containing about 20 yg. of 
pure vitamin By per ml. and about 20 mg. of pure 
ascorbic acid per ml. were found to lose approxi- 
mately 1.5% of their vitamin By», content per day 
when stored at room temperature. Such solutions 
were found to have a pH between 2.5 and 3.0 
Vitamin Bya, on the other hand, when examined 
under the same conditions showed practically com- 
plete loss of color and activity in one day or less. 


* Received April 8, 1950, from the Research Laboratories 
Merck & Co., Inc., Rahway, N. J 


. GAKENHEIMER 


Similar losses in one day or less were also observed 
when only 2 moles of ascorbic acid per mole of vita 
min Bya (concentration 20 ug. per ml.) were used 
This reaction was observed to be the faster the 
higher the pH of the reaction system, it being com 
plete in less than one hour at pH 7. At pH 0-1, on 
the other hand, the reaction between vitamin Biss 
and ascorbic acid was observed to be very much 
slower than at pH 3. This pH dependence ap- 
pears to suggest that the ascorbate ion rather than 
the undissociated acid is the other reactant. The 
addition of ascorbic acid to an aqueous solution con- 
taining equal amounts of vitamin By and vitamin 
Bia resulted in the loss of the light absorption due to 
the vitamin Bya in about twenty hours at room 
temperature followed by no further loss on additional 
standing for a period of several days, in complete 
accord with the behavior of the individual com- 
pounds 

Examination of a number of commercial vitamin 
By preparations for ascorbic acid compatibility re- 
vealed that they covered the whole range of compati- 
bilities from complete loss of activity, through par- 
tial loss, to practically complete stability after forty- 
eight-hour test periods. In the light of our present 
findings, we are inclined to interpret such results as 
evidence of the presence, in varying amounts, of 
ascorbic acid-incompatible analogs of vitamin 
By in some commercial preparations 
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An Ink Writer for Recording Blood Pressure, Respiration, and 
Other Responses in Small Animals* 


By THOMAS J. HALEY 


"THe usual methods for the kymographic record- During the course of some screening experiments, 


ing of blood pressure, respiration, and other the following pen was found to be useful for most 
responses in small animals require the use of the types of pharmacological work. The plastic tubing 
moked drum and fixation of the completed record used in hospitals for the intravenous administration 
That these procedures are not entirely satisfactory of large volumes of fluid furnished the material re 
evident by the reports of ink writing and photo quired. The end of the tubing which is attached to 
graphic methods in the literature. Marsh (2) has _ the intravenous needle is composed of two pieces, 
proposed the use of the strain-gauge manometer, the outer flexible plastic and an inner core of hard, 
but the expense involved has prevented its wide lightweight plastic his inner plastic tube is re 
spread use Anderson (1) has described an ink moved and cut as shown in Fig. 1. The upper lip 
writing mercury manometer, but it is useful with A is used as the point of attachment to the lever 
large animals only arm. The bottom of the cut tube is closed with 





DETAIL OF PEN AND WELL 








A-MERCURY MANOMETER TUBE, 3mm! D0 

B-DIAMOND ATTACHMENT, ALUMINUM 
FOIL 0.0015” 

C- MANOMETER CAP, TURNED ALUMINUM 


D-MANOMETER FLOAT, SOLVENT- 
RESISTANT PLASTIC 

E-PEN*POINT, 27G = HYPODERMIC 
NEEDLE WITHOUT HUB 


F-PLASTIC INKWELL, § DIA. xz peer, — 


*LIP 




















Assembly for ink writer 


model airplane cement, thus forming an ink reser 
voir */, in. deep and '/s in. in diameter rhe pen 
point is made by cutting the hub from a 27 G., 

s-in. hypodermic needle and forcing this needle, 


beveled edge up, through the plastic ink reservoir 
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just above the cement bottom. The writing point 
should be perpendicular to the lever arm. The 
pen is attached to the lever arm by forcing the lever 
arm through a small hole in the attachment lip. 
If necessary, a small drop of cement may be placed 
at this point. Figure 1, besides showing a detailed 
drawing of the pen, also illustrates the construc 

tion of a manometer which can be used as a mercury 
manometer for recording blood pressure or as a 
chloroform manometer for recording intestinal move 

ments. When the manometer is used to record 
blood pressure in the rat or guinea pig, the animal 
should be given 0.1 cc. of heparin solution (1000 
foronto Units) intravenously and connected to the 
manometer with tubing filled with physiological 
saline solution. Figure 2 illustrates the results 
which can be obtained with such a system. At 
times, because of the inertia of a mercury ma 

nometer, it is desirable to use a membrane ma 
nometer such as has been described by D’Amour and 
Blood (3 In such cases, the pen is attached in the 
manner illustrated in Fig. 1. Also, the pen may be 
attached to heart levers and tambour lever arms 
for recording a variety of physiological responses 


363 


When the pen has been attached to the lever arm, 
the ink reservoir is filled with commercial ink 
(Phipps-Bird) using an eye dropper with a very 
fine tip, the hypodermic needle stylet inserted in the 
pen point and moved back and forth to start the ink 
flowing. The pen point is brought up to the paper 
and responses such as those shown in Fig. 2 re- 
corded. When the record is complete the stylet is 
again inserted in the pen point, thus making it 
unnecessary to wash out the reservoir and thor 
oughly clean it each time after use. We have em 
ployed such pens for over one year and always ob 
tain excellent results 
because most laboratories can adapt the pen to fit 
existing equipment, we believe the pen will be very 
useful in the teaching of experimental physiology 
and pharmacology. 


Because it is inexpensive and 
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Federal Food, Drug, and Cosmetic Act. Judicial and 
Administrative Record, 1938-1949. By VINCENT 
A. KLEINFELD and CHARLES WESLEY DUNN 
Commerce Clearing House, Inc., New York, 1949 
16.5x 25cm. Price $17.50 

This valuable book will fill a need for a compre- 
hensive record of the judicial and administrative 
actions under the Federal Food, Drug, and Cos 
metic Act covering the period since its enactment in 
1938 to May, 1949. It isa reference book so logically 
arranged and so clearly written that it can be used 
idvantageously by anyone whose business or pro 
fession is regulated by the Act. The professional 
practice of every pharmacist who sells or dispenses 
drugs which at some time in the past crossed a state 
line is subject to such regulation. From a study of 
Federal Food, Drug, and Cosmetic Act 1938-1949 it is 
possible to acquire a practical working knowledge of 
the Act as it affects many pharmaceutical transac- 
tions and activities. By the intelligent use of the 
book as a reference, it is possible to find an analogy to 
ilmost any question involving the Food, Drug, and 
Cosmetic Act that might arise 

The book is divided into three basic sections. The 
first part contains a digest of every opinion of record 
rendered under the Act References to the subsec 
tions of the Act involved in each instance are cited 

For a number of years the Food and Drug Ad 
ministration made available the essential parts of 
informal 


xxvi + 895 pp 


unswers to questions and statements of 


policy involving interpretations of general interest of 
many provisions of the Act. In the second portion 
of the book by Dunn and Kleinfeld under the section 
entitled: ‘‘Trade Correspondence”’ all of these in 
formal announcements and answers by the Ad 
ministration are reproduced. By reference to this 
section many administrative interpretations of the 
Act may be found. 

The third section includes a useful table of 
references from the law to interpretations of it, 
together with easily understandable directions for its 
use. 

The book seems to have been designed throughout 
for ready reference and use cither by lawyers or by 
laymen. A feature which contributes to this de 
sign is an unusually exhaustive and comprehensive 
index. The typography is well chosen and the 
book is legibly printed. 
Vulti-Enzyme Systems By Matcotm Drxon 

Cambridge University Press, New York, 1949 

100 pp. 12.5 x 19 cm. Price $1.75 

This book is com pe »sed of four lectures on enzymes 
presented by the author at Cambridge University, 
these having been recorded, presumably, at the time 
of lecturing, for the charm of the lecturer is well pre- 
served. The clarity and simplicity with which the 
material is presented will fascinate scientific lec 
turers in any field. The author builds up complex 
multi-enzyme systems by beginning with simple 
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theoretical examples and classifications, and within a 
few short pages he progresses without stumbling to 
the complete carbohydrate cycle. He does not go 
into sufficient detail to make the book of great value 
as reference material, but his approach to the forma 
tion of a logical and clear picture of enzymic systems 
will probably be refreshing even to the most in 
veterate enzyme chemist. For example, he de 
scribes the peculiar position of certain coenzymes as 
“the remarkable state of affairs, peculiar to living 
matter, of a system of unstable catalysts being kept 
in existence by the occurrence of the reactions which 
they catalyse.”’ Illustrating the equilibrium state in 
volved in multi-enzyme systems he says, “An object 
placed on an inclined endless belt, on which it 
slides. . . can only be kept in the same position by 
continuously winding up the belt, thereby expending 
energy, which is continuously converted into heat 
This kind of state is especially characteristic of living 
matter.” 

This book may bring new ideas to minds of enzyme 
researchers by its brief references to the significance 
to the organism of such phenomena as the close 
juxtaposition of related enzymes within the cell, and 
the possibility of the use of highly unstable substrate 
molecules. The author discusses the scale of hydro 
gen potential and the convenience of its use due to 
the direct relationship between rH and free energy, 
each rH unit being equal to 1380 calories at 30 
Several rules for the application of rH data are given, 
and the author applies these rules to many oxidative 
Particularly interesting is his application 
of the rH system to phosphorylases 


systems 


Introductory Botany. By ALEXANDER NELSON. The 
Chronica Botanica Company, Waltham, Mass., 
1949. viii + 479 pp. Illustrated. 14 x 22 cm. 
Price $3.75 
The title of this textbook has considerable mean- 

ing for the book does treat the several phases of 

The author 

has attempted not to overemphasize any one subject 

of botany to the jeopardy of another. Thus, he has 
divided the text into three major sections giving 
about equal distribution to each 

rhe text is not intended to lead students into a 
specialization of any one phase of botany In fact 
the author has indicated that a second volume will 
follow and this will seek to specialize in the medical 
text is compiled it is 


botany in a real introductory fashion. 


uspects of botany. As the 
definitely more valuable for teaching purposes than 
a specialized botany would be because it contains the 
fundamentals upon applied field of 
botany should be developed. In this respect it is 
well suited for the pharmacy student It is true 
that some teachers might seek to supplement the 


which any 


introductory material by using drug plants as ex 
More data relative to 
have 


amples whenever possibl 


plant chemistry might also been included 
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These are not necessary adjuvants to the beginning 
course, however, and where the text is deficient in 
this respect it more than fills the bill with its general 
coverage of basic principles of botany. 

Two outstanding features of the text are its excel 
lent introductory treatment of plant physiology, an 
important phase for modern courses in pharma 
cognosy, and the many diagrammatic illustrations 
rhe latter should be most helpful for teaching pur 
poses H. W YoOuUNGKEI N, JR 


Selenium. By Sam F. Trecease and Orvitte A 
BBATH Published by the authors, New York, 
1949. x + 292 pp. Illustrated. 11 x 18.6 cm 
Price $5.50 
This important monograph by two leading authori 

ties on biological and biochemical aspects of selenium 

research will be of considerable interest to progres 
sive pharmacists. Although symptoms of selenium 
poisoning were recognized in the United States 
nearly one hundred years ago, it was only about 
twenty years ago that the cause of the symptoms was 
definitely proved and the magnitude of the problem 
was realized. In the last two decades selenium has 

a major concern of public health officers, 

agriculturalists, and ranches, especially in the 

western United States. It is because of the tre 
mendous implications of this public 
health, a subject ably and intelligently discussed by 
the authors, that pharmacists will find major in 
terest in this book 

Selenium is unique among the elements in that 
several important species of plants can, without 
themselves being injured by it, absorb and accumu 


become 


element in 


late selenium from seleniferous soils in quantities 
that render the plants toxic (and often lethal) to 
animals including man. The implications of this 
phenomenon are tremendous not only for the live- 
stock industries but for agriculture and the public in 
general. To realize this one need only consider the 
potentially tragic consequences if an unusually high 
percentage of seleniferous wheat should find its way 
into milling establishments and be turned out as 
flour for use of bakers and housewives. 

The authors tell their story in an interesting way 
in a most logical sequence consisting of (1) history, 
(Il) selenium indicator plants, (III) geology, (1V 
toxic forages and crops, (V) selenium poisoning in 
animals and (V1) in man. Control measures are 
suggested in Chapter VII, and Chapter VIII con 
cerns the chemistry of selenium. The book is pro 
fusely and very well illustrated with photographs, 
diagrams, and graphs 

Professors Trelease and Beath have been among 
the foremost investigators of the selenium problem 
for nearly two decades and, therefore, write with 
authority. They also write with a clarity that makes 
for interesting as as informative reading 
ROBERTSON PRATT 
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NOW AVAILABLE IN COMMERCIAL QUANTITIES! 


Baer 


HESPERIDIN METHYL CHALCONE 


(A water soluble “Vitamin P” Drug) 


THE MANUFACTURING PHARMACIST now has available 
in one moderately priced material an infinitely soluble yee 
non-hygroscopic powder sufficiently stable for production 
of parenteral as well as peroral preparations. 


TO THE PHYSICIAN it provides a quickly assimilated yet 
safe drug...a completely water soluble derivative of citrus 
hesperidin. 


HESPERIDIN METHYL CHALCONE was developed by the 
Research Laboratories of The California Fruit Growers 
Exchange shortly after Szent-Gyorgyi’s announcement of 
“Vitamin P.” 


CALIFORNIA FRUIT GROWERS EXCHANGE 
PRODUCTS DEPARTMENT + ONTARIO, CALIFORNIA 


400 West Madison Street, Chicago, Illinois 99 Hudson Street, New York City 


SUPPLIED TO PHARMACEUTICAL FIRMS SERVING THE MEDICAL PROFESSION 





Now-simple Faster, Automatic Titrations! 


Here's another new Beckman ad- 
vancement in instrumentation — an in- 
strument that runs your titrations for 
you. It’s the Beckman Automatic Titra- 


PERFORMS A WIDE VARIETY OF TITRA- 
TIONS — Neutralization, Oxidation Re 
duction, Precipitation. Complex-Forma 
tion and other types 


NO SPECIAL TRAINING IS REQUIRED— 
rapid and accurate titrations can read 
ily be performed without special skill 


or technique 


QUICK, SIMPLE OPERATION — completes 
many routine titrations in only 1-1 
minutes — even titrations to 0.1 accu 
racy in 2!) minutes or less. Change of 
sample 1s simple, rapid—a single motion 
raises, locates and secures new sample 
IM Operating position. 


CONVENIENT, VERSATILE, ADAPTABLE— 
0° tw 100° C temperature compensa 
hon adjustable holder accommo 
dates 10 mi co 400 mil beakers or simi 
lar vessels instrument may be used 
with all standard burettes down to $ 


tor—the instrument that makes accu- ml... as many as four delivery units 


accommodated by single amplifier con 
rate titrations more rapidly and con- trol units uses standard Beckman 
. electrodes electrode holders and 
veniently than by manual methods. delivery tip can be pivered inte ony 
required position ample provision 
for mounting heating devices or other 

special equipment 


ALSO A RELIABLE pH METER — the Beck 
man Automatic Titrator can also be 
used as an AC-powered pH meter to 
give accurate readings over the range 
0 co 14 pH, as well as millivole read 
ings from —600 to 1400 mv 


SIMPLE OPERATION: In uch as preparing 
titrations, simply fill the burerte esul 
beaker—and the 
kes over from 
ler into pos 
rrer motor and 


tion into the 





For full details on this new Beck 

in instrument see your authorized 
Beckman dealer—or write direct 
Beckr nstruments, National Tech- 
, l Lahboratori« South Pasadena 
42. Calif 
Factory Service Branches 


NEW YORK — CHICAGO LOS ANGELES 
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BECKMAN INSTRUMENTS 
control modern industries 


Beckman Instroments include pH Meters and Electrodes — Spectrophetometers — Radveactivity Meters — Special Instruments 
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